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FOREWORD 


T T 

W OOL has been indispensable for man}' ecnturics, beckuse 
It provides us with our most important body cOveringV^he 
history and utilization of wool is a fascinatmg tale'^adv^n- 
ture, sacrifice and inventive genius. From a crude beginning the 
Wool Textile Industry has become an industrial giant, playing an 
influential part in the development of this country 

Continued change and progress in research as well as technique 
have made it necessary to revise and enlarge this book The authors 
have adhered to the same excellent presentation as was used in the 
first edition It remains the most comprehensive study of the 
wool textile industry with special emphasis on existing American 
practice 

The authors deserve much credit for their painstaking efforts in 
bringing this volume up to date Mr Werner von Bergen is one of 
the leading experts in wool technology and was a consultant to the 
Quartermaster General as a member of the textile team during the 
last war He is now director of research of Forstmann Woolen Com- 
pany of Passaic, N J , and formerly a teacher of wool manufacture 
at Columbia University 

Mr. Herbert R Mauersberger is a technical editor of one of the 
leading trade publications and was formerly in charge of the evening 
textile courses at Columbia University He is a textile consultant 
and is president of Textile Book Publishers, Inc 

In Its second edition, this book will provide the trade with up 
to date and authoritative references on all phases of wool production 
and manufacture 

Aicthur Besse, President 

National Association of Wool Manotactxjbeks. 


« 


New York, N Y. 
December, 1947. 



AUTHORS’ 


PREFACE 


V V 


N the firbt edition, the authors expressed the hope that this book 
0 would find Its place as a practical reference and textbook for 
JL the entire wool industry The fact that the first edition was 
exhausted within such a short tune indicated that there was a long- 
felt need for such a handbook The authors regret that World 
War II delayed publication of a second edition until this tune 


The chief aim in the preparation of this new edition has been to 
bring the material up to date by careful revision and expansion of 
certain portions of the text This was especially important because 
of extensive changes in processes and equipment which have been 
made since 1938, particularly in streamlining mass production tech- 
niques through the increased use of machinery to produce a more 
continuous and efficient flow of goods 


Because of the added knowledge gained by extensive research in 
the last few 3 'ears, it became necessary to divide the physical and 
chemical properties of wool into two chapters Various methods of 
producing shrink-resistant woolens have been included Marketing 
of wool appears as a separate chapter and includes an expanded 
account of international trade and futures trading in wool and wool 
tops The continuous solvent degreasing and continuous wool grease 
recovery processes are described for the first time Twist tables 
are given for woolen and w'orsted yarns wdiich have never before 
been published and descriptions of atmospheric conditions suitable 
for w'ool processing have been added to the spinning sections The 
chapters on worsted yarn manufacturing have been revised exten- 
sively to include the latest information on combs and spinning frames, 
with particular emphasis on high drafts and variable speed spinning, 
as well as a detailed explanation of the new American system of 
spinning Under weaving, coning and rewinding of warp and filling 
jams are discussed in greater detail A new section on matching 
of colors and the use of instruments has been added The description 
of continuous indigo dicing in both raw stock and pieces, and of 
the latest methods of mothproofing are also newr material 

The chapter on finishing contains detailed accounts of continuous 
washing and fulling machinery, and the new infra-red balang process 
used in carbonizing Descriptions of pressing and spongmg processes 
m dry finishing have been expanded to include a survey of the latest 
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n.r,v*4.!,'ci.* fJ T<jc of icU^ ;mtl r.irpctA lia\c 

t>frji fh\:'*r4 !m;«* cinptcf*i 

The 'jijCc cjHoStcd !•> jhr {r'.inu; clnpiti vinch fences 

5j>cc,tl r’l, }»•,»•'.< on ounrnl i*. nuhcntivc of the nchnnccs 

rnt'e tn trcthr5^ The chapter on wodI hternttire ts intich 

n ‘'!rcccmj>'rhr*’^\c. h.dtnhnp nrif: »dir t«lr< nml the nni IVotJucts 
Lahehnj: Ac; Ikcntt-ic of the nhlitson of tin*- nrv*. nntcn.il, the 
chapter ij'i tlt> clrinnig, tijc uoolni .’ind worsted fjlovs-jr}. and the 
d\c*;i*tT ,ai’prndi\ ind to he omitted 

For \ nimble issnt.mcc «n the 4>repai.ntion of this second edition, 
the authors arc ii.dchtcd to colhlwrators and contributors far too 
nun cro.ss to name indmduallj However, 5i>ecial .acknowledgement 
IS made to G 1* Urown oj the K.ational Association of Wool Manu- 
facturers, who m Cnaptcr 1 nnered the most recent background 
material, II A Hcseridgc of Merrill, Ljnch, Pierce, Fenner and 
Beane who vrotc *‘l'uitircs Trading in Wool and Wool lops", 
H Mdlson of Calco Chemical Campnn> who prepared the section 
on the inaich.ng of colors and assisted in the revision of dyeing 
procedures, L Garfunktl of the Te'urity Guild wdio .again wrote 
the division cniitlcil "Conditioning Before Cutting Up," N B Pope 
of the Felt Association who prepared the tc\t on non-woven felts, 
R. K Brooks of Charles W^ House .and Sons who wTotc the story 
of woven fclt^, T Crowlc) of the American Chemical Paint Company 
for his assistance in revising the chapter on scouring of raw wool, 
and A G Aslicroft of the Alexander Smith and Sons Company who 
assisted in revising the ch.aptcr on carpets The authors arc also 
indebted to K Burns of the University of Wyoming, J F W^iIson 
of the Uinvcr*-ii} of California, W ^luellcr of the W^ool Division 
of the Department of Agriculture, J. I Hardy of the Bureau of 
Animal Industry, L Tanner of the United States Customs Labora- 
tor}, H Ehrhardt of the Bot.inj W'orslcd Mills, H R Anderson 
of the Abbot Worsted Comp«in>, L L Walmslcy of the American 
Viscose Corporation, N A WniilTcn of the Australian Embassy, 
and E Ackerman of the American W^ool Council for their contribu- 
tions of valuable technical information 

The authors arc especially indebted to the Forstmann Woolen 
Company, its supervisors and members of the laboratory staff who 
gave their valuable assistance They are grateful for the privilege 
of using their original and valuable photomicrographs, charts and 
other illustrations, many of which were specially prepared by G 
Moro and W Wetrold 
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Authors’ Preface 


It IS a privilege to have Mr Arthur Besse, President of the Na- 
tional Association of Wool Manufacturers, consent once more to 
write the foreword The authors are grateful to him and to his 
staff for their continuing interest in this work 

As in the first edition, the authors have been encouraged by sub- 
stantial advertising from wool dealers and merchants, manufacturers 
of dyes, chemicals and wool machmery, as well as others who serve 
the American Wool Industry This splendid support and close 
cooperation is gratefully acknowledged 

In presenting the second edition, the authors hope tnat the addi- 
tion of information on recent developments will increase its use- 
fulness as a valuable reference and textbook to all students, trainees, 
mill men, and others seeking facts about the wool industry 

Werner von Bergen 
Herbert R Mauersberger 

December, 1947 
New York, N Y 
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Chapter 1 

HISTORICAL AND ECONOMIC BACKGROUND 


W OOL was spun and made into cloth many years before the 
beginning of recorded history The ancient Egyptians, 
Babylonians, Greeks and Hebrews did hand-spinning and 
hand-weaving in the home, even women of high rank made their 
own clothing The wool industry all over the world developed along 
the lines of a household craft rather than as a primitive factory 
system Both systems seem to have existed in ancient Rome Ine 
Romans usually wore wool clothing Their toga det^a or htrta 
(thick or hairy toga) was worn in the wintertime and the Ma 
or rosa (thin or smooth toga) was worn in the summertime ine 
fonner obviously was made of a heavily napped woolen cloth and 
the latter of a light material similar to worsted During the early 
Christian Era, the finest woolen "stuffs were made ^gdad, 
Damascus, and other cities of the Turkish Empire In t e 
Ages, the woolen industry flourished in Italian cifies such as Venice 
and Florence, from where it spread to the Netherlan s, g » 
and later to England 

' Early American Beginnings 

According to Arthur H Cole^ the handicraft system was repr^ 
sented in the colonial period only hy speciahzed weavers, fullers^ 
and worsted-cloth makers The household American 

earliest colonial settlements In fact, the beginni g families 

wool industry is traced to 1643, when some j carders 

from Yorkshire, England, who were wool comber and carders, 

settled in the town of Rowley m the Massa^usetts Bay ^ 

They attracted wide attention for tlieir 

of woolen cloths This group later had th® "^tion of 

the first fulling mill m this country Simultaneously ^oups settle ^ 

in other parts^of the country, developing in a decade a dominant 

“LTn Col=. The Amcnean IVcol Manufacturer. Cambr.dee, Mas* , Ilanard Un.vers.ty 
Press, 1926, Vol 1 
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household industry No marked alteration in this status was noted 
during periods of colonial history, which might have been because oi 
the wool supply American Indians had no sheep and Ihe first wool 
was supplied by the English A few animals were imported from 
England but they could not stand the rigors of the New England 
winter. In 16^ Parliament forbade the exportation of sheep froin 
Great Britain This limitation of the wool supply continued until 
1765. 

The origin of American rug weaving is traced to the primitive 
Indians of the Pueblo tribe. Their weaving was an art which appears 
to have been handed down by the Spaniards when they arrived in 
North America. Women did most of the weaving, first tracing the 
pattern in the sand The fine textures, perfect workmanship, and 
glowing colors are seen at their best in some of these productions of 
the past 

Early Household Methods and Equipment 

It IS interesting to note the technical equipment that the' early 
American settlers contrived or had at their disposal The settlers 
had brought many of their implements with them from Englamh 
where the production of wool fabrics was a flourishing household 
craft m Yorkshire. In those days the grease wool was tub-washed 
and then prepared on hand cards and hand combs for the spinning 
wheel The hand cards were made like those of today, between 
two of them the washed wool was rubbed, paralleled or straightened, 
and mixed Bramwell® gives an excellent description of this pro- 
cedure 

The hand spinning wheel was used generally to spin the wool thus* 
prepared It was a simple but tedious operation that was usually 
performed by the women or the older girls in a family The spin- 
ning wheel consisted of a spindle which was rotated by means of a 
cord passed around a large wheel that was turned by hand The 
"top” of wool was held in the spmner's left hand and fastened to the 
spindle The stubbing or unformed yam was drawn out by a moving 
away of the hand. By means of the other hand the big wheel was 
set m motion and the spindle thereby made to rotate rapidly or slowly 
as required by the forming yarn causing the required twist to be put 
into the woolen or worsted yam When a certain length of yarn 
was spun in tins manner, it was ivound around the spindle itself 
A foot pedal to operate the big wheel was commonly employed in 
flax spinning. 

•William C Bramnetl. TJie H'oot Carders' I'aie Afccum, Boston, 1881, page 130 


equipment and methods evolved and at » 1 ^ , 

home industry up to the year 1760 disposal of the early wool 

A Household Craft 

the woolen Md^w*orstldte?d^w^^^^ 

period Transportation facilitie <5 colonial 

style factors, importation of rivers 

pOns constantly changed the locatafn of th?^^' considera- 

Goyernor Moore of New York m 7^ Production of wool cloths 
making (these) coarse cloths m onva^^fa 

the entire province, and in almnct » ^ families prevails throughout 
;s manufactured for tSe use 0 ???. ^ quLtity 

he least design of sending anv o5 "Without 

the industry was still a household rraff ° proves that 

actory system nor a systematir mo u there were no signs of a 
groups Even with an^nSSse commercial ifoths by 

the grov/th of seaports after national ^^^j^P^^^^^tion facilities and 

the household production of L?5oftcon& “ 

The Fabrics by Name 

of woolen gooS^”The°LS?imS)rt‘^f few types 

well fulled, not piece-dvedS^ "homespun," an all-wool 
wool? rough in SiaractS^ <he fleece, 

It wa?'* 1**^ ."'^ISiUhe^warp was flS?^ wk ®V^dar cloth was Jilinsey- 
twiceathe^^iceif f durable 

5J:^5!^^^ic\y.ard ^Y^de Inlhe SouS ? 1 i'^d was„usually three 

r^Yume''^ "KersVaLTfl^Snen^ 

f oZ t?e“ ^?t,^"^r " 

suf'bm •'•“VXreTfSLf *= 

£ Scotch-bora wfavi professional 

Jpri f P^^^^d on their skills among the early 

generaUv^Mli^S^^’ ‘^®***rianco, drugget -^ong the worsteds 

frotSrTh?”"? and mosfll maS?^’ all of them 

_ — _ The only worsted of AmScan^rim “‘Nation of foreign 

the Bnt^eh Colcmes of North America, 
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"tammies,” a lightweight fabric used for dresses These were pro- 
duced on a part household and part handicraft basis and not without 
skill Woolen or worsted cloths, according to most historians, did 
not enter into colonial or intercolonial commerce and were not sold 
in the shops, but they may have been bartered for other commodities 

Early Colonial Legislation 

Both governmental assistance and restrictions can be found in the 
early days of the domestic wool trade. Previous to 1700 and after 
1640, cases are found where artisans such as weavers, fullers, 
combers, and artificers were offered acres of land in return for 
their services to a community or a colony In 1640 Massachusetts 
offered a bounty, to be given during a period of three years, for 
every yard of linen, woolen, or cotton cloth produced, provided it 
was spun and woven from wool or linen grown there. Acts against 
the export of goods and against the slaughtering of sheep were 
passed In 1675 exportation of grease wool was prohibited Other 
colonies enacted similar statutes Exemption from taxation was 
another form of encouraging woolen cloth making Encourage- 
ments of this type aided local communities but had no direct 
influence on the welfare of the colonies in general 

A great deal of interference came from the mother country Wool 
manufacture was in fact the first of all others to be so restricted 
En gl and'^joJ pnial . policy was fliat the moAer counUy w^ to work 
up tfie ^raw m^termls76f7t^® cqlonie^and the 'latter to^ consume the 
manu factuiesT^, ihe motKe'r countr^Tfie preliminary step 'in' this 
direction' was^ the disallowing by the British Commissioner of the 
Customs of two laws passed by Virginia in 1683 which prohibited 
the exportation of wool and granted bounties for the making of 
woolen and linen cloth in the colony. Parliament passed the so-called 
Woolen’s Act of 1699 (prohibiting the export of, or intercolomal 
trade in, wool), but the act itself was harmless and its enforcement 
was even less effective After the passage of the Woolen’s Act and 
within another year Parliament had enacted two more minor laws 
supplementary to the act One provided that no mariner nor pas- 
senger upon a vessel should purchase in the colonies more flian 
forty shillings worth of woolen goods The other act abolished! the 
export duties which had been in force on woolen fabrics exported 
from England in 1700 All this legislation served to stem any pos- 
sibility of "setting up of Woollen Manufacture in the English plan- 
tations in America ” However, the colonial wool industry had too 
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'firm a root to be discouraged by such English legislation and con- 
‘ lued to play a predominant part m the progress of the colonies 
If the Woolen’s Act had been more strictly enforced, there might 
nave been serious conflict but, as it was, the domestic wool indust^ 
continued to grow in magnitude as a household craft during this 
period of political dependence Its growth was arrested only par- 
tially by the importation of English cloths and clothing, which were 
then better in quality and often undersold the local merchandise 

1760 — ^The First Small Factories 

Following the slow development of v/ool manufacturing in the 
colonies, came a gradual transition from the household and handi- 
craft system to that of the small factory The credit for the first 
attempt at a woolen factory goes to New England A wool-workmg 
enterpiise was launched by Colonel Jeremiah Wadsworth at 
Hartford, Conn , m 1788 and was known as the Hartford Woolen 
Company The working capital was in part raised through popular 
subscription and is reported to have been £1,250 The patronage 
of the state was also enlisted* tax exemption for all property for 
five years and poll tax exemption for all workmen for two years 
helped to sustain this first American wool factory President 
George Washington visted the plant and ordered cloth, as did 
other prominent officials The equipment consisted of local looms, 
fulling mills, and some other finishing madiinery In 1795 when 
this concern sold out its equipment it consisted of two carding 
machines, a spinning jenny, a twisting machme, and about eight 
looms Water power was employed Little is known about the 
jenny, which was probably worked by hand The carding machme 
IS described as having two large mam cylinders, with two doffers, 
and only two working cylinders, 16 inches m width It was said to 
have been invented by some person in the factory. Skilled labor 
and supervision apparently were very scarce Most of the wool 
worked came from domestic sources and most likely was very 
coarse, as no progress had been made in the quality of domestic 
wool although some had been imported from Spam The mill’s 
product fell short of the quality found m imported fabrics, hence 
it had a hard struggle The company paid one dividend m cloth 
comprising a SO per cent dividend on die onginal shares! There 
were 140 pieces of finished cloth still on hand when the kctory was 
sold on the auction block One of the onginal promoters bought it, 
continued it for two more years, and then closed it down completely 
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Thus ended the first American wool enterprise, according to historians 
Three more attempts were made to establish woolen factories, all 
of them in Massachusetts, one at Stockbridge in 1789, the second 
at Watertown in 1790, and the third at Ipswich in 17^ Little is 
known about the first two, but the latter concem was called the 
“Massachusetts Woollen Manufactory" It was promoted by John 
Manning, a physician, and was encouraged by town and state It 
produced broadcloth, blankets, and flannels It was later converted 
to the manufacture of cotton. The reason for these failures to 
establish an American wool factory were primarily the result of the 
peculiar characjiet o f th e_domestm market, comp etition ^with^imr 
ported E nghghufabrics, &e poor quali'jy qf^thej^ofsupply, infenor 
^Knical^equ ipment, ancHack.of skilled Jabor. ' * 


Beginnings of the Rug-and-Carpet Industry 

The manufacture of rugs and carpets on a commercial basis was 
not established m America until after the Revolution In 1791 
William Peter Sprague began to make Axminsters in Philadelphia, 
one of the first designs being a representation of the coat of arms 
of the new republic. It must be remembered in this connection that 
the Jacquard loom was not invented until 1801 It appears that the 
most important manufacturer of the early period was Isaac Macauley, 
who operated continuously from 1810 to 1837. He is credited wiA 
having made the first Brussels carpet in America 

The first ingrain carpet mill in the United States was that of 
George Conradt, who came to this country at the begmnmg of the 
eighteenth century from Wurttemberg, settling in Frederick County, 
Maryland His carpets were made by hand loom on a drum studded 
with pegs, giving it the appearance of am enlarged, old-fashioned 
music box In 1804 Peter and Ebenwer Stowell opened a factory at 
W^orcester, Mass , where they had in operation six looms of their 
own invention and construction, amd thus acquired the right to the 
title of founders of the carpet industry in New England New York 
appears in the annals of domestic carpet history in the year 1821, 
when John and Nicholas Haight started a factory and employed as 
their mill superintendent James W Mitchell, a Scotsman from Kil- 
marnock, which was then the principal seat of ingrain manufacture 
in Scotland 
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First Improvements in the Wool Supply 

Determined efforts were now made to improve American wool 
"to render it more fit for superfine fabrics " The year 1793, when 
the Messrs Du Pont de Nemours and Delessert brought over a full- 
blooded ram named Don Pedro, can be taken as the beginning m 
better blood lines m American sheep Robert Livingston and David 
Humphreys, m purely national interest, brought m a flock of twenty- 
one Rambouillet rams and seventy-five ewes from Spain These 
efforts, however, wrought no immediate change or improvement 
in wool quality or quantity, although they caused a considerable 
increase m wool speculation and prices A merino “mama" srt 
in during which as much as $1500 was paid for a single full-blooded 
ram Then, beginning in 1810, William Jarvis, the American Consul 
to Portugal, shipped over some 4,000 sheep Other importations 
followed m 1811, making a total of 25,000 imported merino sheep 
These animals laid the basis for a substantial supply of fine stapled 
wool The Du Fonts in 1812 had “perhaps the largest and best" 
flock of sheep in Delaware, and later erected three wool mariw- 
facturing plants themselves These sheep caused a wide-spread in- 
terest in wool growing and wool manufacturing Leicesters, Bake- 
wells, and Culleys, English breeds, were also smuggled into this 
country and distributed in New Jersey, Massachusetts, Pennsylvania, 
and New York. In Virginia the flocks of Washington and Custis 
became famous 

This movement for better wools and gradual increase in wool 
manufacture continued at a steady rate during the early twenties 
Fine Saxony menno sheep were brought in by Colonel James 
Shepherd of Northampton, Mass, m 1824, which resulted in an 
importation of some 2,000 sheep in 1826 By 1830, the quality of 
wool production of this country had reached an intermediate status, 
quite an advance over that in 1800, although very fine wools were 
still imported from Germany and Spain Traders and dealers in 
wool appeared all over the country and a wool warehouse was set 
up in Boston during 1814, All these influences in wool growing 
aided gradually the establishment of more and larger cloth factories 


A Period of Machine Inventions 
From the establishment of the Hartford factory m 1788 with its 
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crude, homemade machinery of unsatisfactory performance, until 
about 1830, a tremendous and remarkable advance in technical 
equipment in the American wool manufacturing industry was noted 
Within a space of forty years are found inventions and improve- 
ments of American origin which gave a new significance to the Eng- 
lish power-driven carding machine, made the spinning operation 
practically semiautomatic, adapted power to the hand loom, and 
developed cloth-finishing operations so valuable that they were copied 
by foreign nations Most of these developments concerned the woolen 
branch of the industry, as the worsted branch was still of negligible 


proportions 

In the conversion from carding by hand to carding by power, 
which occurred between 1748 to about 1790, Daniel Bourne, Richard 
Arkwright, and James Hargreaves of England made important con- 
tributions The introduction of the English inventions into America 
coincided with the immigration in 1793 of the Scholfield family to 
whom The Hub in its issue of December 1, 1873, gave credit as the 


first to manufacture wool by machmery. ^ i. i,. 

It was in Newburyport, Mass, that the Scholfields built the 
first power-driven woolen card, which was about 24 inches broad 
and had a single cylinder. The machine is still preserv^ at the 
Davis & Furber Machine Company, in North Andover, Mass It 
led to the establishment of the “Newburyport Woolen Manufac- 
torv ” where three of these cards were harnessed to water power 
At first, only the carding and fullmg machines were power-driven 
Woolen broadcloths and flannels were manufactured In spite of 
the great potent.alities of this new equipment, the concern failed 
afte? about ten years of struggle and was converted into a cotton 
mill Simultaneously, others set up cards of this character in 
Bunker Hill, in other parts of Massachusetts, and in Maine 

The Scholfields exercised a tremedous influence m the wool m^u- 
factunng business and encouraged others to set up factories such as 
those in Montville, Conn ; Pittsfield, Mass , Stoni^ton, Conn , 

WattrSrdfneS- New London, Conn ; Jewett City, Conn ; and at 
vvaieriuru, vanous brothers of the Scholfields In 

Fsife theXtomd Stevens Mill m North Andover, 

of wt* Scholfield was superintendent 

&h“fieW abo entered the “f mactag an^^^^^ 

advems^erit oftermg^ch constieted s^: 

In 1806 he dsobudt p.<*«^ ma“ ^ 

Se'rfS *e Woolen & Cotton Factory He dred u. 1827 
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Parallel with these developments, mechanical cards were set up 
at the towns of Leominster, Farmington, and East Chelmsford in 
Massachusetts In the latter town the card was operated by Moses 
Hale, the father-in-law of Nathaniel Stevens, who became a noted 
American wool manufacturer. The movement spread rapidly, and 
the mcomplete census of 1810 gave the figfure of 1,776 carding mills 
in the entire United States, 


Further improvement of woolen cards came about rapidly through 
their wide diffusion These improvements — ^very minor in char- 
acter— ^oncerned the width of the card, which now reached 60 to 
72 inchw, and its construction, now partly of iron instead of entirely 
j notable improvement was in the delivery of the 

carded wool, which heretofore was taken off m a sheet; now at- 
tenipts were made to introduce a device of British origin, known 
as the billy or roping machme, between the carding and the spin- 
ning operations The function of the “billy” was to join the card- 

elongate the roping by giving it 
process was far from satisfactory and still 
resulted in yam that was lumpy and wealc. 

,f to eliminate the “billy” but 

Moulding found a solution to the 
denser ^®®olted, in 1826, m the invention of the con- 

wnnl/n important for^vard step m American 

woolen manufacture It was hailed by John L Hayes as “the 

card-wool mdust^ 

ot the world and by S. N D North as “almost as ereat an ad- 
vance in wool manufacture as the spuming jenny itself ” It finally 
eliminated the billy and the slubbing processes altogether resulting 
lion I substantml"” 

120 soindles ner marVi* °° m that where formerly jacks of 

was pSwe w^A employed, an increase to 200 spmdles 

wS K the ^ apparatus 

only Uvo’condeSS? A Company m 1835 having 

facL% eTghtvS suA “ ^^2 manu- 

that year. Gouldmp'c woolen trade during 

many about 1839 but wa<!^nnt'^^t intooduced into France and Ger- 
1859. ^ introduced into England until a^t 

obsmrc deveIopnfmt'*Sit°fi- ^™erican wool mdustry had a less 

The spinning j?nn^iiiadeits‘L'^?n?«®’'^ historic sources 

It WM usJi^^Hartfold 

me warttord factory and the budding of such ma- 
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chines was undertaken by the Scholfields. The first jennies were for 
family use and consisted of eight to fifty spindles The census of 1810 
reported only 299 jennies for the whole country, and hence spiiming 
was still a home industry. Durmg 1815 the largest jenny reported 
which was located in West Cambridge, now Arlmgton, Mass , had 
seventy-two spindles In the census of 1820 the number of spindles 
per j'enny had increased from forty-four to 120 and in 1824 the 
largest j'enny, reported to be at Uxbridge, Mass , had ISO spindles 
but was still hand-operated The Hockanum Company started the 
manufacture of woolens by makmg satinets (cloth of cotton warp 
and woolen filling) m 1814 at Roc^ille, Conn The application of 
power to the spinning of woolen yams was apparently an obstinate 
problem which took years fo solve It involved a transition from 
the jenny to the spinning jack, the first jack being set up by James 
Scholfield about 1802 at North Andover The next mentioned was 
one operated by water power in 1814-15 at Uxbridge, Mass , and 
another in 1819 at Peacedale, R L In the transition from the j'enny 
to the mule, historians mention Brewster’s “globe spinner" of 1813 
which, by 1824, became a real self-operating mechanism but came 
to naught Richard Roberts’ self-acting mule, invented in England 
in 1825, became the model after which most power-driven spinning 
machines were patterned 

Improvements in Weaving 

Prior to 1830, hand weaving experienced several important im- 
provements, namely, the adoption of the fly shuttle to the hand loom, 
wider reed space, and the gradual application of power to both wide 
and narrow looms The manufacture of fly shuttles started m Phila- 
delphia in 1793 but was not immediately successful. The census of 
1810 made this statement* “Though it (fly shuttle) has been known 
in this country many years, more than ninety-nine one hundreds of 
our shuttles are not of that description." Most households used 
narrow looms, rarely over 36 mdics in \\idth. With the introduc- 
tion of broadcloths wider hand looms, winch reached widths ox 72 
to 80 inches, had to be utilized. The Hartford factory had so.nc 
broad looms and several others, such as the Housatonick ,M.inufac- 
turing Company of Pittsfield, had, in 1816, four broad and three 
narrow looms The first mention of a po,.cr loom to nnnufaciurc 
wool goods IS of the one patented b/ ^^^ssr^. Sh«h *■: and H orpe of 
Taunton, Mass, in 1816 Ihc census of 1S20 hits c'^ht j,oacr 
(waterpower) looms in a mill in Middlesex County, Conn, 
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The next decade brought a more rapid adoption of the power 
loom, particularly for satinets, which were quite popular Then c^e 
their introduction at Philadelphia and at Uxbridge, Mass , in 1821 
and at North Adams, Mass , in 1822 But it was after 1825, rather 
than before, that the new mechanism came into general use for broad- 
cloth weaving For flannels it was first adopted in 1824 at the 
Brighton Fair (Mass ). In 1826 it was adopted for cassimeres and 
kerseys 


Development of Finishing Machinery 


In the fimshing of woolen cloths, the application of power to two 
machines, the napper and the shear, marked an important develop" 
ment It started with the improvement of napping The first record 
of such a machine is that of Walter Burt of Wilbraham, Mass 
His patent, dated June 26, 1797, was a “gig mill” which employed 
teasels fixed in numerous small frames that were set in a cylin- 
drical frame of about 2 feet m diameter The cloth passed over 
the “gig mdl’’ sufficiently close to raise the nap and was wound 
around a cylinder below Somewhat later brass wires upon a 
cylinder were substituted for the q^lmder of teasels; this machine 
came into use in 1812 at the Providence (R. I.) Woolen Manufac- 
turing Company. The Furopean countries are supposed to have 
copied this machine after 1802 


The fiist mechanical shear was patented by S G Dorr of Albany, 
N Y., under the date of October 20, 1792 Called by the inventor 
the wheel of knives” it consisted of a number of sharp blades 
at first placed parallel to the length of a cylindrical frame, but very 
arranged spirally, and worked against a stationary 
'"tented by Beriah Swift of Washington, N Y, 
c Hovey, his Ontario shear, Molleneaux, and Mussey 
*‘W«» invented one, of which David Humphreys said 

one nnpraf* machine will shear as close and as smooth, at 

Vianri English workmen would do at two with 

tend three times as fast at least; that one hand may 

S was weeks may be performed m a single day ” Thu 

there is no mipcf ^ ™*tated in Europe and, according to historians; 
States made a mechanical shears the United 

stinct contribution to the art of wool manufacture 
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In addition to tlicsc creditable advances in wool machinery before 
1800, tlierc were others, notably in warp dressing and cylindrical 
presses, that came as a result of developments in the domestic cot- 
ton industry, which had made great strides during this period 


Gradual Growth of the Factory 

A gradual diminution of household production and changes in 
•quality of domestic manufacture with the development of distribu- 
tive agencies in this country brought about the continued rise of 
the woolen facto ly. By 1836 a census taken by Benton and Barry 
reported 1,4^ sets of woolen machinery in the United States, as 
shown in Table 1 The tabic shows clearly that in 1836 almost four 
fifths of tlic output was on fabrics of a distinctly medium and 
coarse character 


TABLE 1 

DISTRIBUTION OP MACHINERY BY CLOTHS MADE, 1836 


•Pype of Fabric Sets of Machinery Per Cent of Total 


Broadcloth 

Cassimere 

Satinet 

Plannel 

Linsey 

Blankets, hats, yarns 


344 

178 

574 

158 

210 

24 


Total 


1,488 


23 1 
119 
38 5 
10 6 
141 
18 


100 0 


Source C Benton and S 
an Account of the Principal 


F Barry, A Statistical Review of the Number of Sheep and 
Wooten Manufacturers, Cambridge, 1837 


The period of transition from a household craft to a full-fledged 
factory took place intermittently, the first step being carding and 
fulling on commission In such devious ways as by carrying out 
special processes, by manufacturing "on shares, and in supplement- 
ing and co-operating with the earlier household production, re^ fac- 
tones began to crop up Gradually they grew and became able to 
stand alone, especially as the market for their product increased 
Mills advertised “arrangements to take in wod to card, spin or 
weave on shares” or “would card or spin on ‘ 

eral tradition, which is apparent in numerous cases, was that the 
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American woolen factory found its origin in carding and fulling 
mills The factory, especially the weaving factory, did not evolve in 
one big movement and did not at once acquire self-dependence, but 
relied on outside hdp Gradually the idea of the mdependent fac- 
tory gathered strength and breadth of action until the real beg^- 
ning of the factory era about 1830. In the more western states, the 
woolen factories attained a position not unlike that of our more 
modem enterprises 

During the War of 1812 the Embargo Acts, which shut off New 
England’s foreign trade, made avadable great quantities of capital 
and turned die attention of financiers and business men to manufac- 
tunng Durmg &e war and up to 1815 the value of the manufac- 
tured wool products m this country more than quadrupled. How- 
ever, the newly established woolen mills subsequently found it im- 
possible to compete with the imported English merchandise, in spite 
of the protective tariff of 1816, which imposed ad valorem duties of 
25 per cent on woolen goods and of 15 per cent on raw wool. By 
1828 the period of tnal and stress in the wool manufacturing busi- 
ness abated and a healthy recovery set m through better organization 
and improved manufacturing techniques A heavy duty on wool of 
30 per cent ad valorem was applied except for wools valued at less 
than 10 cents per pound on which a tanff of 15 per cent ad valorem 
was made. Woolen goods were taxed 40 per cent in 1828 and 45 per 
cent in 1829. 


The Factory Era — 1830 

In the next decade or so the factory had made a place for itself 
m American industry There was a distinct trend toward larger and 
more productive enterprises. Such factories as Samuel Slater & 
Sons at Webster, Mass , were operating on water power producing 
about 800,(^ >ards annually of broadcloth, cassimeres, and satinets 
imd ^ploying about 128 persons Among the well-known plants were 
the Hamilton Woolen Company, Pontoosuc Manufacturing Com- 
pany, the Great Falls Manufacturing Company, the Middlesex Com- 
^ny, and others The erection of these mills marked the dawn of 
the ^new factory era. While power machmery had been invented. 
Us introduction was slow and gradual. Fabrics better adapted to 
general American consumption were made, and steam power for 
beginning to be considered seriously. 

The next forty years of woolen manufacturing saw an increase 



Historical and Economic Background 


15 


population from thirteen millions in 1830 to thirty-nine millions in 
18/0 A rapid growth m transportation facilities, a steady westward 
extension, and a considerable tendency toward urban concentration 
added impetus to the growth of the mdustry In its own field of 
endeavor it saw a constant and more rapid decline in household 
cloth-making and also the mitiation of the worsted branch of the 
industry As a whole, the expansion of the wool industry m the 
next forty years was indeed extraordinary. The woolen branch 
increased at least sixfold in terms of sets of cards While consump- 
tion of wool in 1830 was estimated as 14,500,000 to 15,000,000 
pounds, it advanced to 189,000,000 pounds m 1869, a twelvefold 
increase 

The growth of the woolen industry at this stage can be divided 
into two chief periods, begmning with that of 1830-1850 and con- 
tinuing wiA that of the decade of the sixties, which includes condi- 
tions imposed by the Civil War The former was one of continued 
expansion and westward movement Factories were established in 
Ohio and western Pennsylvania, one in Illinois in 1842, one at Mil- 
waukee in 1847, and by 1856 mills had been set up at Cedar jRapids 
and Washington, Iowa, at Salem, Ore, and at San Francisco, Calif 
The figures given in Table 2 reflect this movement 


TABLE 2 

DISTRIBUTION OF WOOLEN MILLS IN THE 
UNITED STATES, 1837-1879 


Percentage of Establuhments Percentage of Sets 


Years 

New 

England 

Middle 

States 

All 

Others 

New 

England 

Middle 

States 

Alt 

Others 

1837 


tmmtm 


606 

346 

4J8 

1845 

456 

427 

117 

567 

349 

84 

1849 

309 

459 

232 

— 

— 

— 

1859 

316 

378 

306 

518 

287 

19J 

1869 

210 

269 

52.1 

401 

279 

32.0 

1879 

246 

266 

488 

490 

26J8 

24.2 


Of course, the growth of cities su^ as Lawrence, Worcester, 
Providence, and Philadelphia and the rise of the wholesale clothing 
trade had considerable mfluence. Another factor was the concen- 


an important oart purchase in which Boston played 

1828, the business haH wool dealer and one warehouse in 

Boston in the fifties ^ fifteen wool merchants located in 

expanding center for iHa P^s®od Boston became an ever- 

The wLted purchases of the entire countiy. 

when the introducho^ ^ 

yarn manuLt^ ^ The"^ 

manufacturer in this ronnfr,, ^ Practical. The original worsted 

Worsted Company which Dedham 

hosiery, and fringe Its worsted yarn for coach lace, 

by an insufficient supply of lonff^f^h"^^^ ® °T delayed 

of skilled labor, m addftiL to the^drawbS that 

mg processes were not as vp^ worsted manufactur- 

hand labor prevailed to some a to power For wool combing 

Manufactnrmg &mpL„v Sea^A^"' “’T"* >««> The LoweU 
1831 and the New England wirled 

Comb Inventions 

comb wool wfth^meSnical"Do\v!? »n America to attempt to 
and second patents for a woohcomhini^*^^^®? machinery His first 
j f^scember 11 , 1790 and a granted April 

method, three machmes weVreauirlH^ ^5, 1792 By his 

The principal features of the mam cnmK wool 

and revolved around its ax?s we J circular in form 

teeth with wool (m much ffie’s^me nS? devices to fill the 

rnmK^ a a devices Consisted of »t was lashed in hand 

comb, and drawing-off rollers Fins ^°llers and cranks, a clearmg 

fiut It was fairly useful for'comV‘^°“ '^ combed on thf 
AmTthat® wooh ?n'’l^" £“1^2 

a iaS' ” a 

-“^s'-'a^SS’ISSS 



Historical and Economic Background 


17 


nip comb invented by Josue Heilman of Mulhouse, Alsace, France, 
and they were able to produce a well-combed top with a minimum 
quantity of noils 

James Noble, a worsted spinner of Halifax, England, took out his 
first patent on wool-combing machinery in 1805, and twenty-eight 
years passed before he took out another His third and fourth 
patents for improvements in wool combers were granted to him in 
^834 and 1835 While associated with Donisthrop, he was granted 
a patent in 1853 for a machine containing the principles of the Noble 
comb He is credited with having conceived the theory of two 
combs working one inside the other, but was unable to design a 
practical machine Donisthrop is credited with putting the idea into 
practical form by placing the circles concentric to each other, so that 
the teeth of both circles would come as close together as possible 
once during each revolution By fitting the external circumference 
of the inner circle with a gear that meshed with one on the internal 
circumference of the outer circle, he was able to make the inner 
circle rotate the outer In 1856 the feeding motion invented by Tra- 
venier, Croft, and Donisthrop completed die machine Donisthrop’s 
name does not appear in any of the patent papers as inventor or co- 
inventor, as he had sold his interest in the wool-combing machinery 
to Lister, with the proviso not to engage again in devising new 
machines 

Samuel Couillard, of Boston, devised an automatic combing ma- 
chine for which he was granted a patent on July 7, 1835, and a sec- 
ond patent on June 16 of the next year On March 23, 1836, George 
Bond, Samuel Whitwell, H Rogers Kendall, and others incorporated 
the New England Worsted Company, with an authorized capital of 
$500,000, for the purpose of manufacturing yam and cloth and 
building machinery The company began to build worsted ma- 
chinery, including Couillard's comb, at Lowell, for the purpose of 
equipping a mill, but later moved its machinery to Saxonville, 
where the first wool-combmg machine in the United States was put 
in operation The first product was worsted yarn for carpets, but 
the manufacture of bunting, which at that time was all imported, 
soon commenced and was conducted successfully for a number 
of years In 1845 the plant contained sixteen sets of woolen ma- 
chinery and twenty combs, and the annual output was 350,000 
pounds of worsted yarn for the market, 800,000 pounds of woolen 
yarn, 3,000 pieces of bunting, besides blankets, flannels, and negro 
cloth The New England comb, as the Couillard machine was called, 
received the wool direct from the card, to the front of which it was 
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attached It was used to comb carpet wools until after 186S, 
was not a satisfactory machine for combmg fine wools. The 
progress of this branch of the business developed slowly owing to 
the lack of invention in the field of wool combing, which had been 
originated in France by Heilman 

At about this time the newly formed Lowell Manufacturing Com- 
pany began to manufacture cotton goods and carpeting at Lowell, 
Mass , and in 1828 the Lowell company bought the Medway mills, 
but operated them only until a new and larger mill was completed 
at Lowell, to which location the Medway machinery was moved 
Wright became the first agent for the Lowell company. Although 
their first product was “Lowell” ingrain, m due course they won 
recognition for Wiltons and Brussels and, later, for Axminsters 

Technical Advances from 1830 to 1870 

While technical progress previous to 1830 was ectraordinaiy, ttet 
of the next forty years was more mterestmg and of greater sig- 
nificance It occurred primarily in the burring apparatus for wool 
in conjunction with cards, the improvement and increase in speed of 
looms, and the importation of worsted preparing and spinning 
machmery 

The cleaning and scouring of wool underwent considerable 
changes While still done by hand in 1830, more scientific means 
and improved mechanical apparatus had been introduced The use of 
potash and soda soaps was becoming more general and a cleaner 
wool with less damage to the wool fibers assured better yams and 
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fabrics. The early large troughs or bowls in which the wool was 
soaked and stirred with long poles, were replaced by scouring 
machines 

One of the first was 
the Sargent wool 
washer of 1865, made 
by C. G.^ Sargent Sons 
of Graniteville, Mass., 
shown in Fig. 1 It 
was one of the first 
labor -savmg devices 
invented for the wool 
industry. The appara- 
tus did the work more 
effectively, eliminated 
hand labor almost en- 
tirely, and fitted ex- 
ceptionally' well into 
American big produc- 
tion methods Sar- 
gent also pioneered in 
the mechanical burr- 
piddng device (Fig. 

2 ). 

In woolen cardmg 
appreciable changes 
occurred during the 2 The first mechanical burr picker (about 

forty years following ® 

1830 A general widening of 24 inches to 36 inches over the cards 
from the old Scholfield card occurred in 1830 The latter width re- 
mamed standard for some time and was used in the Stevens Mills 
at North Andover in Ae fifties. Then it was increased to 40- and 
48-inch widths and by 1890 half of the cards in American factories 
were of the 48-inch variety. Alterations in the intermediate feeds 
camp about Heretofore, die product of the breaker and intermedi- 
ate or second card was taken off m the form of a broad sheet of 
fibers It was wrapped on a roller and from that hand-fed mto the 
next card Soon after 1830 an improvement called "side drawmg” 
came about and permitted a greater mixmg of the wool fibers. The 
wool fibers as doffed from the doffer of the breaker card were gath- 
ered and drawn to one side and passed through a revolving funnel 
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which smoothed the strand, imparting what is known as a “false 
twist The sliver was then wound on spools, the operation being 
called “balling ” 

A frame containing a number (as many as forty) of these spools 
was set up before the feed end of the succeeding card, either inter- 
mediate or finisher This permitted more homogeneous mixing of 
the wool stock, resulting in a better roping from the finisher card 
and eventually in a better yam This idea was invented by Robert 
Peele as early as 1779, but was applied to wool carding in Amenca 
for the first tune in the thirties, even before England used it 
About 1850 the Apperly feed was invented in England and its 
construction and sale begun It consisted of forming the wool web 
as it comes from the doffer of the card, into a large rounded rope or 
sliver It was then guided to the feed apron of the next machine by 
an automatic device and laid upon that apron diagonally The Scotch 
feed was introduced not long after the Apperly and by 1870 it was 
a ratlier common appliance in English woolen mills 
Advances were also made in the final removal of the wool from 
the finisher card Here the Goulding condenser had completed its 
conquest of the domestic field with many improvements, such as &e 
substitution of rubbers for the older revolving tubes The first device 
was the "three-roll rub” introduced in the thirties It contained three 
pairs of rollers as wide as the card, covered with rubber between 
which the little ropings passed The rolls not only revolved forward 
but oscillated sideways at the same time An incidental draft with a 
false twist imparted smoothness and compactness to the roping, not 
hitherto obtainable by the revolving tubes In the thirties very few 
of these were made or used but the demand spread and by the mid- 
dle sixties they were gradually displacing the revolving tubes Id 
^ Furber Machine Company was making them m 
1865 in three, five, seven and nine roll rubbers In these respects 
America was fully abreast of Europe Toward the end of this period 
Celestin Martin of Verviers invented the tape condenser, which was 
introduced in Europe m place of the Gouldmg The whole carding 
process was much improved in the decades preceding 1870, with 
pr^uct productivity and attainment of a better quality 

»i,^” spinning of woolen yarns stagnation existed throughout 
^ improvements were concerned There was 

semiautomatic Jack devised in the earlier 
p^d f.1854). A model made by the Davis & Furber Machine 

♦ Bullctn, 1901, page 269 
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Company was sold to the 
Ebcuc7cr Society at Eben- 
ezer, N. Y., whicli owned a 
woolen mill. It had 200 
spindles, 1 inches apart and 
cost $300 with delivery in 
three months. Mules such as 
these were generally em- 
ployed, although isolated in- 
stances are mentioned of 
imported mules from Eng- 
land This IS in spite of the 
development of the automatic 
cotton mule by Richard Rob- 
erts in England in 1825 In 
1860 the mule had been 
adapted to wool spinning m 
Europe Obviously, American * 
industry failed to keep pace | 
with foreign developments as I 
far as wool-spinning machm- ! 
ery was concerned, the , 
change to the automatic mule 
did not come about in Amer- t 
ica until after the seventies, 

This tardiness is attributed to 
several conditions in domestic 
manufacture 

I 

I 

Worsted Branch | 

Established I 

I 

In the worsted branch of 
the industry, what little ma- 
chinery existed was of for- 
eign origin, particularly 
English, and mostly for the 
Bradford system. John L 
Hayes wrote in 1879 "In 

this department of the tex- 

tile industry we have ex- 



Fig 3 The first American mule spinner (1854) (Courtesy Davis & Furber Machine Company) 
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hibited less originality of invention or construction (than in the cot- 1 
ton and woolen branches) and have contented ourselves with copy- | 
mg or importing English and French machinery.”® However, an | 
increase in productive capacity was brought about by the introduction 1 
of the mechanical comb, the Simpson and Lister, in particular, as | 
well as the Noble combs Thus, impediments which had stood m 
the way of extensive domestic manufacture of worsted yam and 
cloth were removed m this period, and the course was already laid | 
for the tremendous growth of the worsted mdustry which came 
about after 1870 

Advance in Weaving to 1870 

Cloth wea\ing received a tremendous impetus during this period 
from inventions which permitted more diversified output, as well as 
increased productivity of the weavmg operation The first American 
iron power loom (Fig 4) was invented by William Crompton ^ 
and patented in 1837. It was the first loom to employ the pattern | 
chain and did much to advance woolen-cloth weaving on a diversi- | 
fied scale Previous to Crompton’s invention, all woolen looms were \ 
cam looms, that is, looms in which the harnesses controlling the i 
shedding of the warp yarns had been moved by revolvmg cams 
This meant a limitation on the number of harnesses, as well as pat- 
terns that could be woven without laborious rearrangement of the 
cams Both these disadvantages were overcome by the Crompton 
loom It enabled the production on power machines of more elabo- 
rate designs and weaves as well as patterns, with relatively little 
trouble in changing from one to another While first adopted for 
cotton weaving, it was a notable Amencan achievement and was 
adapted to woolen weaving m 1840 at the Middlesex Mills at Lowell 
by William Crompton himself, according to Hayes It was then 
introduced abroad. “The significance of the invention to the Ameri- 
can wool manufacturing mdustry as a whole,” says Arthur H Cole, 
“may be appreciated 'from the fact that within a generation at least 
three quarters of all the woolen cloths then worn had come to be 
woven on these fancy looms ” 

The Congressional ^mmittee on Patents heard it stated m 1878 
that* “Upon the Crompton loom, or looms based upon it, is woven 
every yard of fancy cloth in the world ” The loom also had its effect 
on the production of American woolen cloths such as the fancy 
cassim ere The proportion of sets devoted to cas^imeres in New 

‘John L Hayes, ^mcnran Textile \tachtaery, Cambridge, 1879, page 53 
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England and New York more than doubled between 1837 and 1860. 
In Massadiusetts alone the yardage of such fabrics rose from a 
httle under 2,500,000 yards m 1845 to nearly 15,500,000 yards m 
1865, and casbimere became the outstanding cloth m American 
production 



Fig 4 The first mechanical power loom 
(Courtesy Crompton & Knowles Loom Works') 


Because Crompton’s loom was only 40 inches wide, its speed 
limited to forty-five picks per mmute, and contained provision for 
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only one shuttle, it was, of necessity, rapidly improved. The first 
improvement was the adding of shuttle boxes, first on one side and 
then on both sides, permitting the “mixing of the fillings” and the 
use of more than one color of weft yarn In 1857, Crompton devel- 
oped his broad fancy loom, which permitted not only the weaving of 
54-mch woolens but also increased the number of harnesses to 
twenty-four with three boxes at either end Still more important 
was the increase of the speed from forty-five picks per minute to 
eighty-five picks per minute By 1870 the loom had been still 
further improved, not only b)' better workmanship but also m ren- 
dermg it more nearly automatic and capable of still greater production. 
In this development Lucius J Knowles played an important part In 
1863 he patented the “open-shed” loom in contradistinction to the 
“closed-shed” looms of Crompton Under the “open-shed” system, 
a harness once raised is maintained in that position during perhaps 
two or three picks until the demands of the pattern cham require 
Its depression The loom was particularly suited to woolen-yara 
weaving, because such yams are weak as compared to most textile 
jams and the open shed meant a relief of an appreciable amount of 
stram, especially on the warp yams 

An important advance made m this period was made in the finish- 
ing department and was tlie shift from the old wooden block method 
of printing to that of the roller method Pnntmg by roller was first 
done at the Hamilton Woolen Company shortly before 1860. 

Another significant trend to be observed was the estabhshment 
of a specialized machmery building industry to serve the wool 
textile mdustry Heretofore, small mechanics or the village black- 
smith or carpenter were called in to do special buildmg or repairs 
With the development of more complicated and heavier %ron machmery, 
a distinct change-over set in The Crompton & Knowles Loom 
Works, the C G Sargent enterpnse, and tiie Davis & Furber and 
the Smith Woolen Machmery companies are examples m their 
respective branches 


Early Beginnings of the Carpet Industry 

George W. Lyman, who was treasurer of the Lowell mill from 
1831 to 1841 when power looms were beginning to show promise of 
real success, gave much encouragement during tins period to a yoimg 
inventor named Erastus B Bigelow, Lyman also provided Bigelow 
with financial aid from time to time. Orrin Thompson, in 1828, was 
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) granted a charter to manufacture ingrain carpets at Thompsonville, 
Conn , as the Hartford Manufacturing Company Despite the fact that 
■ 1828 was a disastrous year for business generally, under the guid- 

ing hand of Orrin Thompson the Hartford company prospered 
Commencing operation with fifty hand looms, the company weath- 
ered the financial panic of 1832 and in 1833 erected a new factory 
Shortly thereafter the first three-ply ingrains ever made in this 
country came on the market Fifty additional looms were put into 
operation in 1841, and in 1842 the manufacture of Brussels was 
undertaken on forty-one new looms Moquette, a fabric similar to 
the present Axmmster, followed, and in 1845 the total number of 
looms had increased to 250, five times the original equipment 
In 1840 Thompson organized the Tariff Manufacturing Company, 
purchased a factory at Tanffville, installed Bigelow power looms, 
and continued operation of the Thompsonville mills In 1854 the 
Hartford company was reorganized and in 1859 the Hartford com- 
pany bought the factory at Tanffville 

The foremost genius of the industry, Erastus B Bigelow, was 
born in 1814 at West Boylston, Mass At twenty-four years of age 
he invented a machine to weave coach lace which embodied the 
principles which he later developed into the Brussels carpet loom 
His coach lace business prospered almost from its start, in 1838 
In 1848, he subsequently developed the most complicated of all his 
inventions, the Brussels automatic carpet loom He also produced 
variations of his invention to weave Wilton and tapestry velvet 
carpets, specimens of which were shown at the London Exhibition 
of 1851 and cited as being "better and more perfectly woven than 
any hand-loom goods ” 

At this time the product of a day’s work of ten to twelve hours 
for a weaver, including a boy to draw the wires, was 7 yards of 
Brussels Bigelow’s loom made over 25 yards of a superior two- 
ply fabric In 1849 power looms were set up and in 1851 there 
were twenty-eight of them in operation, producing 500 yards of 
Brussels daily Prior to the perfection of his invention in 1849, 
Bigelow formed the firm of H N & E B Bigelow, and his company 
had the honor of operatuig the original power factory devoted to the 
manufacture of Brussels and Wilton carpets This business was 
incorporated in 1854 under the name of the Bigelow Carpet Com- 
pany and continued in operation until 1899 when it united with the 
Lowell Manufacturing Company to form the new Bigelow Carpet 
Company 

In 1841 carpet manufacture in the United States was an infant in 
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every sense of that term There were seven factories in operation in 
Massachusetts, four in Connecticut, eight in New York, and four in 
New Jersey In Pennsylvania there were five, all in or near Phila- 
delphia, Maryland had one There were approximately 800 looms 
in operation in the several most important mills Among those in 
operation at that time were the first plants of several of file largest 
concerns now m the trade, includmg Robert Beattie & Sons 


American Wool Supply and the Tariff 

The mjection of better blood by the Spanish merino and the 
Saxony merino crazes did not improve the American wool supply 
sufficiently to make it better or even as good as the quality of 
imported wool The staple was somewhat longer but only of 
medium fineness and it was not as yet suited to the production of 
the best broadcloths Henry S. Randall points out that Saxony 
merino wool paid best durmg 1831-37, but after that the price 
favored the American merino and the Saxony merino was aban- 
doned The number of merino sheep decreased m Ma’ssachusetts 
between 1837 and 1845 from 47,0CX) head to 34,000 head ® This de- 
crease can be attributed to the growing demand for mutton The 
substitution of Argentine wool was not entirely satisfactory because 
It was distinctly mferior to the representative European wools 
The situation in the wool supply was becoming progressively worse, 
especially for the manufacture of broadcloths 

To this was added the tariff situation, which is summarized m 
Table 3 Under preceding tariffs it had been customary to provide 
appreciably higher rates for wool manufactures than for the*raw 
fiber Thus, m the immediately preceding act, that of 1842, while 
wool valued at less than 7 cents a pound — ^including almost all of 
the La Plata wools — was dutiable at only 5 per cent ad valorem, 
wool manufactures with some exceptions, such as blankets, bore a 
duty of 40 per cent The tariff of 1846, however, eliminated this 
gap in rates, both raw wool and wool manufactures were included 
in the same schedule and taxed at the smgle rate of 30 per cent 
Under the preceding tariffs of 1824 and 18^ the protection had not 
been appreciably greater, yet the substantial decrease afforded by the 
act of 1842 probably contributed to the declme of broadcloth or fine 
goods manufacture, which depended for its success largely on a 
high tariff protection. ’ 


• Chester W Wright, Wool Crotmng and the Tariff, Boston, 1910 
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TABLE 3 

WOOL TARIFFS— 1816-1867 


Oate of act 
land vlten effective) 
1789 1816 
Apr. 27. 1816 
(July 1, 1816) 
Mav 22. 1S24 
(July 1, 1824) 

May 19, 1828 
(Sept 2. 1828) 
July 14, 1832 
(March 4, 1833). 
March 2. 1833 
(Jan 1. 1834) 
Sept II. 1841 
(Oct. 1, 1841) 
August 30. 1842 
(August 31, 1842) 
July 30, 1846 
(Dec. 2. 1846) 
March 3, 1857 
(July 1, 1857) 
March 2, 1861 
(Apr 2, 1861) 


Tree 


Rales of duty on wool imports 


Tirst act 15 per cent ad valorem 

Value of 10 cents a pound or less, 15 per cent, other wool, 20 
per cent until June 1, 1825, 25 per cent until June 1, 1826, 
30 per cent thereafter 

4 cents a pound plus 40 per cent to June 30, 1829, plus 45 per 
cent to June 30, 1830, plus 50 per cent thereafter 

Value of 8 cents a pound or less, free, other wool, 4 cents a pound 
plus 40 per cent. 

Duties exceeding 20 per cent to be reduced to 20 per cent by yearly 
reductions to July 1, 1842 

All rates below 20 per cent to be 20 per cent 

Value of 7 cents a pound or less, 5 per cent, other wool 3 cents 
a pound plus 30 per cent 

30 per cent. 

Valued at 20 cents a pound or less free All others, 24 per cent 


Value of 18 cents a pound or less, 5 per cent, value over 18 cents 
to 24 cents, 3 cents a pound, value over 24 cents, 9 cents a 
pound 

Value of 12 cents a pound or less, 3 cents a pound, value over 12 
cents to 24 cents, 6 cents a pound, value over 24 cents to 32 
cents, 10 cents a pound, plus 10 per cent, value over 32 cents, 
l2 cents a pound plus 10 per cent Scoured wool, three times 
these rates 

Class 1 (clothing wool), value of 32 cents a pound or less, 10 cents 
a pound plus 11 per cent, value over 32 cents, 12 cents a pound 
plus 10 per cent Class 2 (combing wool), value of 32 cents a 
pound or less, 10 cents a pound plus 11 per cent, value over 32 
cents, 12 cents a pound plus 10 per cent Class 3 (carpet wools), 
value of 12 cents a pound or less, 3 cents a pound, value over 
12 cents, 6 cents a pound Washed, Class 1, twice these rates, 
scoured, all classes, three times these rates 
Source U S Department of Agriculture, No 894, page 305 (in part) 


June 30, 1864 
(July 1, 1864) 


.March 2, 1867 
(March 3. 1867) 


Fabric Importations 

In this period the importations of various woolen and worsted 
fabrics played a more important role than at any other time m 
American history. On the one hand, it was in this period that the 
domestic industry could, for the first time, effectively resist the 
hitherto unrestricted inflow of foreign goods, on the other hand, it 
was the first time that the domestic industry had to face competi- 
tion other than that of British imports 
Around 1830 cloth importations formed something like a fifth of 
the total wool cloth supply of the United States, whereas, in 1849 
and 1859 (the first census figures), it constituted about 29 and 34 
per cent respectively. Even in 1869 foreign goods still formed 
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about 25 per cent of the total domestic consumption. It was not until 
1860 that importations of foreign goods declined and kept declining. 
The war, the tai iff, and the rapid perfection of European techniques 
during this period combined with the slow progress of the United 
States toward the production of fine wools and goods, made this 
period one of the most serious tin eats to domestic manufacture from 
the inroads of foreign competition 
During the greater part of this period England had been prac- 
tically the sole supplier of wool goods to the American market By 
1830 England was shipping 80 to 85 per cent of the total importa- 
tions Germany came to the front in 1850 with shipments of 
“cloths” and yarns which amounted to 15 per cent of the total im- 
port of such goods, by 1860, German imports reached 24 per cent 
and by 1870, 38 per cent, percentages for such goods which were not 
subsequently exceeded Quoting the New York Tnbime’s account 
of the Exposition in 1853 at the Crystal Palace . “Messrs Forstmann 
& Huffmann, Werden-on-Ruhr, Prussia, are large manufacturers 
for the American market So well known are their goods, that they 
are commonly called F & H goods, and are considered to be among 
the best of the foreign goods brought to America” Germany in 
1860 and 1865 also supplied over 70 per cent in value of woolen and 
worsted yarns, a less important item, however France, for a time, 
threatened severe competition and by 1850 she was sending over 
one fourth (in value) of American imports of wool cloths, an 
amount which dwindled to 5 per cent by 1870 However, England 
still held a dominant position, particularly in stuffs, i e , dress goods 
and blankets In 1865 England sent 85 per cent of all dress goods 
imported In 1870 the percentage declined to 80 per cent 
While linsey-woolsey, flannel, homespun, and perhaps some of the 
lighter satinets were offered by the earlier domestic producers, 
worsted fabrics had begun to come into greater demand Although 
the manufacture of lightweight fabrics of the dress goods type was 
slow in developing, with the rise of delaine and similar manufactures 
in the forties and fifties, a small supply of dress goods from domestic 
sources became available The American industry, however, was 
deficient in mohairs, luster wools, cashmeres, and the like This 
situation persisted even after the Civil War The American industry 
was handicapped for many years The free entiy of Canadian 
long wools under the reciprocity treaty in 1854 came to an end in 
1866, delaying progress in this direction In fact, it was not until 
1897 that a marked increase in such importations occurred 
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Thus imports, \\ htle still considerable, did not threaten to increase 
and, in the strengthening of techniques during this period, the woolen 
industry had a gambling chance to still further curtail imports 
The young worsted industry, established in this period, was of ques- 
tionable strength and reflected the drawback of the heavy foreign 
shipments Its future was indeed uncertain, but it was set for the 
astounding progress scheduled for the next twenty years 

In 1864 on the fifth of October at 12 noon a meeting was called 
m Springfield, Mass , at the Massasoit House for the purpose of 
forming a National Association of Wool Manufacturers The cir- 
cular was signed by thirty-six manufacturers and issued in August 
of that year The meeting w^s attended by representatives of 123 
establishments operating 1,139 sets of machinery The organization 
of the Association was effected on November 30, 1864 and the by- 
laws adopted The first Bulletin of the Wool Manufacturers was 
established and has been continuously maintained since that time 
The formation of the Association was an important step on the 
part of the industry to act in a united and systematic manner on 
problems of industrial and national character 


The Industry in 1870'^ 

The foregoing discussion has traced the development of Amer- 
ican wool manufacture in its various aspects during the period 
1830-1870 Accordingly, there is reason to pause before entering 
upon an analysis of the more recent decades, m order to survey the 
advances which were made m the forty-year penod before 1870, and 
to ascertain more generally the real situation in the latter year In 
what chief features did the American wool manufacture of 1870 
differ from that of 1830, and what were the tendencies of the 
development^ 

The factory had reached maturity by 1870 As an industrial form, 
the wool factory m 1830 had been a new phenomenon, and m many 
ways had showed this status Frequently, the newly sprung up mills 
had relied upon outside aid of various sorts to carry on their opera- 
tions If they did not commonly employ labor outside their walls, 
they often supplemented their own manufacture by taking m card- 
ing, spinning, and other work from quasi-household producers Nor 
were cases rare m which the mills depended largely upon the strictly 

» Arthur H Cole, The American Wool Mannfacture 
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local markets, sometimes even exchanging finished cloth for wool or 
other supplies By 1870 this situation had changed For a large and 
growing section of the industry — ^that is, barrmg the western mills — 
establishments were as self-dependent as they are today. The 
transformation of greasy wool mto finished fabrics was carried 
' through wholly mside the factory walls, the disposal of production 
was achieved through a broad and well-orgamzed marketing system 
The period 1830-1870 was an era of real growth — a growth per- 
haps not so striking as in the decades before or aftenvards, yet ver> 
substantial In view of difficulties such as lack of standardization 
and tariff conditions existing throughout this period, the mdustry’s 
advance during this time was indicative of its vigor. 


Grovrth of the Carpet Industry 

About 1856 Alexander Smith was making carpet in a factory 
at West Farms, N. Y and conceived the idea of weaving Axminster, 
or tufted, carpets on a power loom He employed Halcyon Skinner 
to devise a loom About a year later one was constructed and 
patented, but it proved unsatisfactory In 1860 another loom was 
built which was successful In 1864 the Smith factory was moved to 
Yonkers, N. Y , and engaged in the production of ingrain and, sub- 
sequently, of tapestry Brussels on a larger scale Skmner contmued 
m the employ of the Smith Company and improved the ingrain looms 
and machinery for tapestry Brussels manufacture In 1876 he 
invented a power loom for making moquette and m 1877 obtained 
a patent on the device Later this loom was improved by the inventor 
and still further perfected by his sons, Charles and A L Skinner 

James Dunlap of Philadelphia merits more than honorable men- 
tion for the method which he devised and patented m 1891 for 
printing tapestry carpet in the doth Dunlap’s process included the , 
use of a peculiar roller which not only gave the fabric a superficial j 
color, but also hdd the dye in cdls or depressions, so that when the j 
roller was applied to the carpet imder high pressure the colormg , 
matter was forced down to the roots of the pile and thorough 
saturated them This process was improved by Dunlap m l89o 
Robert Beattie & Sons were pioneers in manufactunng Smyrna rugs 
in the United States At first, about 1880, they made them by sw'* 
mg together breadths of chenille carpet and then sewing on a border j 
which was woven with separate corner pieces to avoid imtermg | 
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The goods were made in one size, 6 by 9 feet, and sold as "Turkis- 
tan” carpets. 

For three quarters of a century Philadelphia was famous for her 
production of ingrain and Venetian hall and stair carpets. Tremen- 
dous growth did not begin until after the Civil War, and about 1870 
there were 215 factories, large and small, turning out great quanti- 
ties of carpets Shortly afterward power looms began rapidly to 
replace the old hand looms and gave a great impetus to the trade 
In 1895 ingrain was at the heignt of its popularity and thereafter 
Its production showed a steady decline until today, when it ranks last 
among the well-known types of carpet It remained for the Phila- 
delphia house of Hardwick & Magee Company, 1893, to make suc- 
cessful a novelty which was destined practically to revolutionize 
floor-covering methods 

At the crest of the great ingram wave, there were in Philadelphia 
3,300 looms with a capacity of 45,000,000 yards annually, more than 
that of the other carpet factories of the country combined. United 
States Bureau of the Census statistics tell the story of the growth of 
the industry m Philadelphia^ in a brief but none the less emphatic 
manner They show that in 1850 the value of production was 
$1,137,000, in 1870 it was $9,625,000, and in 1890 it had grown to 
$21,504,000 

The present day Firth Carpet Company was established in the 
United States by members of the firm of T F Firth & Sons, Ltd , 
of Heckmondwike, England In 1886 they purchased the Broad- 
head Mills at West Cornwall, New York, manufacturing Axmmster, 
velvet, and tapestry rugs and carpets. They purchased ttie American 
Axmmster Industry, making seamless chenille, and continued opera- 
tion of the plant facilities formerly developed at Auburn, N Y. 
The Mohawk Carpet Mills, one of the largest organizations in the 
industry today, was mcorporated in 1920, in New York, as a con- 
solidation of two firms which had been in the carpet manufactur- 
ing business for two-score years Shuttleworth Bros & Co , which 
was established in 1885, and McOeary, Wallin & Crouse, founded 
in 1886, under the firm name of Howgate, McQeary & Company 
McCleary made seamless chenille rugs and carpets 

Improvement in the Wool Supply 

Worsted manufacture in the United States was stimulated largely 
by the acquisition of the long, lustrous Canadian wools from the 
English breeds of sheep and by the Reciprocity Treaty of 1854-1865 
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It was this latter factor which gave impetus and encouragement to 
the local worsted manufacturer, plus the rising protective rates on 
wool manufacturers during the early sixties The treaty’s abroga- 
tion, of course, came as a distmct blow and the mdustry was again 
seriously handicapped 

Modification and constant improvement in the wool-combmg op- 
eration, especially in the Noble comb, brought about the utilization 
of a much shorter staple than the Lincoln and Leicester fleeces, so 
that wools of 25 /^ to 3 inches could be used This enabled the 
worsted manufacturer to operate not only on the cross-bred fleeces 
but also on a good part of the merino staples The former, which varied 
in length from 4 to 6 inches and were entirely wools of quarter and 
half-blood character used for worsted coatings, formed the basis of 
the future growth of the American worsted industry. The wide 
utilization of pure merino wools m combing came much later It 
afforded an opportunity for progress, which was quickly realized by 
the manufacturers and resulted in an almost complete revolution of 
the worsted branch and for a time (between 1879-1889) medium- 
grade domestic wools sold regularly at higher levels than fine wools 
Importations of wools from England during that period fell from 
the high of about £50,000,000 in 1873 to less than £6,000,000 in the 
decade of the eighties As a result of this decrease, new American 
fabrics were devised, differing from the old, bright, cotton-warp 
“stuffs” hitherto produced Not only did all-wool men’s-wear fabrics 
come mto vogue but also soft dress goods for women’s wear, resulting 
in the development of keen competition with the older woolen fabrics 
In conjunction with this change in wool demand by the worsted 
branch of the industry came an mcreased demand for mutton How- 
ever, the merino was not a mutton sheep and the English breeds 
of sheep did not have the adaptability or wide usefulness of other 
wools Hence, crossbreeding was resorted to by sheep-growers 
A mating of a Leicester ram with a merino ewe was first per- 
formed, yielding a half-blood animal with a mutton carcass and R 
fleece resembling both parents somewhat Subsequent interbreed- 
ing yielded various intermediate grades, designated as three-eighths 
blood, quarter blood, and so forth By reason of crossbreeding, the 
wool came to be better suited for the combing operation, an im- 
portant element in its advance. This brought greater prominence 
and importance to the crossbred animal in the chief wool-producing 
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countrici. It effected great changes in the Middle West after the 
CiNsl War, which has been in recent decades the largest American 
wool source. Meat refrigeration, an innovation which came about 
m the early eighties, helped to bring about this change m Australia, 
Souin America, New South Wales, and Argentina, with the result 
that tl.c entire world’s wool supply tended in the same direction 
as America's. 

^\s lime went on a demand for finer worsteds and finer wools 
came about with the gradual return of merino wool At about 
this time, fine and niediuin-rmc stock was reported of considerable 
importance in worsteds Hence the delame wools, which are the best 
type of merino combing w'ools grown in the United States This 
l)pe of wool was obtained from tlie nortli-central region of the 
country — Ohio, western Pennsylvania, West Virginia, and so on 
After 1870 the “territory” wools also increased in importance as 
transportation facilities m the far west grew or improved. But 
these wools did not at first prove to be of sufficient length to permit 
combing, although later a fairly large proportion was being utilized 
m w'orsted manufacture The older Bradford system of worsted 
yarn production, using the Noble or other British combs, could 
not utilize wools less than 2 to 2}4 inches in length, but the 
introduction of the French system upset thi» situation because, 
by means of the Heilman comb, it could employ wools as low as an 
inch in staple and of weaker character The improved technique of 
the Bradford system, as well as the acquisition of the French worsted 
system, both acted to create competition withm the wool market 
With the development of the worsted branch the worsted manufac- 
turer dominated the wool market as the woolen manufacturer came 
to use more noils, wastes, shoddy, and reworked fibers While 
cotton warps had been used since the days of the satinets, recovered 
wool fiber or shoddy was first used in the eighteen-thirties in small 
quantities Its use increased from an unknown quantity to 19,000,000 
pounds in 1870, according to Cole 


Wool Marketing Centers 

In 1870 Boston was the leading wool market and it continued its 
prominence m the stormg, concentration, and trading of imported 
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and domestic wools In 1869-1871 Boston handled a little over 35 
per cent of all imported wools, and in 1886 secured 56 per cent of 
This increased later to over 72 per cent just before 
World War I Summer Street, Boston, became the place where 
wool buyers and dealers congregated from all parts of the world 
and IS now well known in wool circles 
In 1870, Boston took care of 35 to 40 per cent of the domestic 
wool clip and just prior to World War I it was receiving 70 per 
the clip Nowadays, little trading in wool is done outside 
o lioston, Philadelphia, and Chicago New York’s prominence is 
j wool and wool substitute market Chicago is a leading 
pull^ wool market, Philadelphia a carpet wool market The reasons 
or Boston s prominence in the wool trade have been excellent bank- 
ing facihtiM and good port and storage facilities, it has the largest 
wool warehouse in the countiy, which can store a third of the ordi- 
naiy domestic wool clip New England mills are fortunate to have 
such a center, which permits them to make quick, advantageous, and 
^^^uiring little stock or storage, and by which they 
hiivore f 11 ^^ mar^t closely and cut down expenses in sending 
^ Specialized houses or dis- 

tinct departments raable the buyer to select his wool or substitutes 
on inspection of relatively small quantities or even samples. 

ran® pcHod sincc 1870 has witnessed a broadening of the 

range in wools acceptable to the worsted industry, accompanied by 
” *® S“jeral character of the world’s and, inci- 

Spn Hr/ ^avor the latter The 

woolen branch of the mdustry has had recourse to a greater use of 

that'seSmn “nf feature tending to complicate the^conditions of 
locilitaHnn ^ “o^worthy betterment and a greater 

dAnrIf A dealing has taken place arising out of the ten- 

hS ffivS!^?tah,f d ‘^® manufacturing industry, which 

dihS as a whole and has 

and worsteds ^ forthcoming large-scale production of woolens 


Technical Advance After 1870 

^®s;an m 1830 and had blossomed fol- 
i ® fairly large units in some parts of the industry, 

^velopment m the diversi^ of cloth fabrication was yet 
to come The changes that occurred in technical equipment after 
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Ji'/O <.rsr J », ;rl. {],p :ci .1; w! aJtcrit.or.'t of the technique'; and 
.‘i* 31,1 r. ,n *,,c dnn c^tr cloth production, these changes 

' •> c s,rc } ',M{n tJ r j ;fv! i f hirgp '< i!e ,nannfauurc of incdiuin quality 
f vv „i d. '.ter, ,»» ir.ctra c .n fine .’.orsted fabrics, though on a 
tr , I, pri i!rcu*c 1 1 . , f »n.c about 

iftc . npKiscn.cnts in tcchn.cal cqmpnieni ccntcru! around the 
r.3t I <d i r v nmn iicr^»*. the t>j.c of change created, and the 
degree of idv i!,cr over cM'-ting ippintus In wool scouring, both 
*•*< ten 31'} Aor ted, eoii.tinily hrger units were built, even larger 
t.'in it.n c dc.c*r,j<;d in iluropr. iJurr removal was not very important 
n.rc \n cncan .vooh a ere free from btirri for the most part, 
r.ciicc this ct}/crat,(<n W3a developed more extensively on the Conti- 
nent The burr picker an .\mcricin invention, as well as the burr 
c\ Under atnened to the cards, were generally sufficient for the 
cl.mmatVn of vegetable matter from our wools For the very burry 
Aool, Oicnlcil carhoniraiion was resorted to, a process invented by 
Gustav Koeber of Germany and introduced there about 1850 or 
18</) Uurr) wools were usually wools of a high shrinkage and this 
fictor, logttncr with high import duties, contributed to disinterest 
on the part of American manufacturers in the chemical methods 
Hence, carbonization was introduced here very gradually 


The Worsted Industry After 1870 

The introduction in America of worsted coating manufacture 
brought about many adjustments m the character of the machinery, 
which was mostly imported The Bradford system was used first 
and practiced after its English pattern, the machinery remaining 
essentially the same The Continental system, also known as the 
French system, was introduced m the eighties and nineties and the 
machinery was largely imported The importation and presence of 
foreign foremen and mechanics aided this movement and the industry 
Worsted spinning machinery for the Bradford system was not built 
locally until 1898 and the French system machinery continued to 
be imported 

The tendency, so pronounced after 1870, toward larger and more 
productive machinery brought about general adoption of the Noble 
comb, the capacity of which was greatly increased during this 
period The massiveness and nicety in construction of the Bradford 
spinning system, as well as the size and number of the spindles per 
frame, were greatly increased Spindle speeds were increased from 





sS!^«n» plants^as smn f”"®. as practiced by the cotton- 

production S toi^rS ml n/thT„?“'f T ■"“* 

from start tn fimcii t practically automatic 

1870, the Bradford attained its greatest development after 

of Its greater orofliirtivih continuous growth because 

and m?ch,ner^^^^^^ Practically all the capital 

and had to be imnnrf^* i Continental system were foreign 

machinery here ‘"^^e to create such 

Noble comh Bradford machinery The 

D?awmg machis'an^^^ extensively for the French'comb 

productive as well as larger and more 

worsted industry experienced rieterll a°M whole the 

tion beginning abniir 19 R 0 ^ ^ sudden upswing in produc- 

matuntyT.th mcranS “"“J «t reached ds 

quantira ofraii “f 860 per cent and in 

value of worsted oroduS *,925 per cent By 1909 the 

deed a most string pro^resA' '““'‘“"foW lhat m 1869 In- 


Techniques in the Woolen Branch 

brought about desire for larger productivity 

most important of all result^ intensity of operation and, 

devices While in 1870 the introduction of labor-saving 

in 1890 the stincreO-mcrai^^^^ ^ 

appearance, with conseouenr J2-inch cards made their 

more than 87 per cent of the^Hn^*^^.. They constituted 

Amencan man^Srera ^^.grS faSTh?' J" ^“8“* 
competitors, particularlv m r.n,.l j taster than their European 
mg developments weie^in the Probably the most outstand- 

■mhc fecdVratoSLe fcSl aS”f such as auto- 
condenser, on which substanhaf devices, and the final 

Mde since the tune o£^ the C w“r“ The' B™®‘^"ll 
American invention mtroduced ™t mm to '“a f 

.nvented abroad, is 
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ijic c lAo t!c.iv('> rhniii.Altd much and made the three-card 

>5C(« of cir.jjm: |>r.utjcilly autonntic Concernmg the liii- 

-‘‘j<cr cird, the jiosi nnyortant changes ni this penod came in the 
condrnsajg end. While the American industry stuck pretty well to 
the tTouhiing torni of condenser — ring doffer and the rest — salis- 
fact.Ks anjno.cmcnis in application such as apron and roller rub- 
hers and <;> stems of multiple rubbers, were made which augmented 
their cjTccshtncvs Ine number of ropings was increased and, as 
a cciisc'iucncc of tlie whole dcitlopmcnt, a finer isoolcn yarn could 
1 c spun. 

Ti.e tape condenser, a Dclijian invention of tlie middle sixties, 
Aas not introduced in tins country to any appreciable extent until 
W'orld W*ar I In this sjstem the broad web of carded wool fiber 
IS drawn otT tiic final doflfers of the finisher card by close-running 
leather hch>, },• to )\ inches W'ldc, as a large number of narrow bands 
which are rubbed logeilier into ropings similar to those obtained 
from the older, riiig-doiTer system 

In woolen spinning, important changes have taken place since 
1870. In 1870 the hand jack was still employed and the earliest 
attempt at improscmeiit was the endeavor to render the semiautomatic 
hand jacks completely automatic by the elimination of the well-known 
jack spinner Attachments to the hand jack, by means of which 
this apparatus could be made wholly automatic,® were brought out 
by several inventors in 1869-1871 While a distinct advance, they 
were not wholly satisfactory The English mule, developed in the 
preceding period, was being imported m goodly numbers and even- 
tually in the eighties replaced the old jacks entirely. This change 
meant much to the progress of the domestic woolen industry and 
had great significance, first, because the hold of the jack spinners 
upon the industry was broken, and second, because it marked the 
conquest by automatic machinery of the last important section of the 
woolen industry. Wool sorting and burling remained hand opera- 
tions and probably never will become automatic. 

While progress was also made in winding, warpmg, and twisting, 
historians find available information about these processes less 
abundant and reliable. It then remains to consider the progress in 
weaving during the period after 1870. American manufacturers 
clung steadfastly to the Crompton & Knowles looms, which have 
been improved constantly In 1857 the speed of the loom was 
raised from 45 to 85 picks per minute, a great advance, and was 

• Arthur H Cole, T/te Atncncan fyool llanufaeture, Vol II, page 89 
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gradually raised to 100, 110, and 125 picks per minute as the 
nicer attachments and refinements went on The highest speeds 
were attained in worsted weaving, while woolen looms held to 90 
to 105 picks per minute The Crompton fancy loom was a broad 
machine and the tendency toward wide goods continued after 1870, 
as indicated in Table 4 The distinct trend from narrow to broad 


TABLE 4 

PERCENTAGE OP BROAD AND NARROW WOOLEN AND 
WORSTED LOOMS 




Woolen Loonts 


1 

Worsted Looms 


Year 

Broad 

Narrow 

Hand 

Broad 

' Narrow 

Hand 

1869 

41 1 

58 9 

— 



— 

1879 

45 4 

53 0 

16 

22 0 

76 4 

1 6 

1889 

53 3 

45 9 

08 

42 5 

SI 2 

03 

1899 . 

610 

38 9 

01 

63 7 

36 3 


1909. 

75 5 

24 5 


72 9 

27 1 

— 

1919 

76 9 

23 1 

— 

78 5 

215 

— 


looms and the rapid development of the worsted weaving industry 
are clearly noted in this table The reason for the change to wider 
looms is to be sought in part in market conditions as well as m 
technical development Narrow goods served the custom tailor and 
domestic seamstress well enough, but the advent of large-scale oper- 
ations of wholesale clothiers and the use of electric cutters led to 
a demand for wider piece goods After 1880 worsted coatings were 
demanded in wider bolts and this brought about a rapid shift in the 
worsted branch which became significant about 1899 
More recently two further innovations aided this trend The intro- 
duction of direct loom drives and the application of automatic 
filling changing apparatus to woolen and worsted looms played a 
very important part in this period The former was the result of 
the increased use of electricity and was first recorded in the Federal 
census of 1899 It became of real importance about 1919 It meant 
a;; motor to each loom, greater flexibility and effectiveness in weav- 
es* a great impetus toward real mass production, and more perfect 
goods Even greater in importance was the distmctly American m- 
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vention of the filling changing loom It was adopted for wool about 
1905 following Its introduction in the cotton industry, which occurred 
about 1894 The original Northrop loom had only one shuttle in 
operation, whereas the automatic Crompton & Knowles loom adapted 
for wool kept four shuttles active, which permitted “mixing of weft” 
and the use of more than one color, important aids in woolen goods 
manufacture However, its adoption was not as rapid as in the cotton 
industry and it was not until after World War I that any real 
progress was made 

THE RECENT PERIOD— 1919-1946 
By Glen F. Brown 

Statistician, National Association of Wool Manufacturers 

At the beginning of November 1918 the industries of the United 
States were mobilized for vigorous prosecution of the war between 
the Allied Powers and the Central Powers Between two thirds 
and three quarters of the entire facilities of the woolen and worsted 
industries were operating on cloths, blankets, and other materials 
for the federal government and the government owned practically 
the entire supply of wool available for manufacture. 

The signing of an armistice on November H. 1918, brought 
hostilities abruptly to an end, and the whole world began mmedi- 
ately to look forward to the return of living in peace For the 
woolen and worsted mdustries this meant a change-over from 
tions to fulfill government requirements to operations to satisfy the 
needs of the civilian population It meant far more than a return 
to conditions existing before the war The war was more than a 
mere interlude It had set into action powerful ^d far-reaching 
forces, many of which were to be permanent in their effect on the 
economic machines of the United States and the world 


Wool and Mohair Production 

Following a heavy clip in 1919 tl« amount of wool sW ^ 
nually in the United States through 1925 varied between 228.000,000 
and 253,000,000 pounds During the next four years production, 
exoanded and after 1929 the clip stabilized at a much higher leve . 
fluctuating between 350,000,000 and 

1940. Under war stimuli it almost reached 390,000,000 pounds m 
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1941 and 1942, but changing price relations and lack of help caused 
it to shrink sharply after 1943 The clip of 1946 is established 
at only 280,000,000 pounds These estimates, issued by the U. S 
Department of Agriculture, are based on the weight of the wool 
as shorn from the sheep, which is referred to as the “grease 
weight”, and includes a large amount of foreign matter such as 
grease, sand, dirt, etc However, the wool must be cleansed of this 
'foreign matter before it can be manufactured, and in this process, 
wools grown in the United States lose, on an average, about 60 per 
cent of their shorn weight The cleansed wool is referred to as 
scoured wool 

Some wool is grown in every state of the United States but the 
ten largest producing states, all located west of the Mississippi 
River except for Ohio, accounted for roughly 70 per cent of the 
total wool shorn each year Production in Texas increased about 
fivefold during the period, making that state by far the largest wool- 
producing state and increasing its proportion of the total clip from 
about 5 per cent in 1919 to almost 25 per cent in 1945 

In addition to the growth in the amount of wool shorn, increasing 
quantities of wool were also pulled from the pelts of slaughtered 
sheep During the last seventeen years of the period in the neighbor- 
hood of 65,000,0CX) pounds were pulled each year This was more 
than 20,000,000 pounds higher than the production during the early 
1920s These weights refer to the wool in the condition after pull- 
ing In converting this pulled wool to scoured wool a shrinkage of 
about 30 per cent m weight takes place 

The production of mohair in the United States increased two and 
one half times during the period, reaching 20,000,000 pounds per 
year, grease weight, beginning witii 1940 Mohair (from the 
Angora goat) is grown commercially in seven states, but 80 per 
cent of the production came from Texas during the earlier years 
of the period and about 90 per cent during the latter years. 


Wool Prices 

Wide and sometimes violent fluctuations occurred in appard 
class wool prices during the period These effects are dampened 
in the accompanying chart (Fig 5) based on annual averages, but 
are nevertheless apparent The highest prices were actually 
reached in February and March of 1920 durmg the inflationary 
period following World War I, when territory staple fine and 
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fine-medium wools sold on the Boston market for $2 05 per pound 
scoured basis The lowest prices prevailed in June and July of 1932, 
when the same wools sold for 38 cents per pound. 

Prior to World War 11, except for relatively short periods of 
time, world prices were the determining factor on prices m the 
United States, since it was necessary throughout the penod to im- 
port wool to meet the total demand Government wartime controls 
■s influenced prices during the last years of the period World prices 
^ ere largely established through controls of the British Empire while 
’ying policies of the armed services principally determined the 
price of wools grown in the United States Domestic wools were 
priced out of the market by measures to encourage their growth 
and restricted their use to military fabrics When military procure- 
ment failed to absorb all domestic wools, they were taken over by 
the Commodity Credit Corporation At Ae close of Jhe period this 
government agency owned 448,000,000 pounds of wool 
In Australia, New Zealand and South Africa the sale of wool 
at public auction was resumed in the fall of 1946 with prices sup- 
ported at mimmum levels by a Joint Organization formed for orderly 
liquidation of their war-time accumulation of wools 
Almost steadily through the period into the early 1940s the price 
of wool increased in relation to the prices of other principal textile 
materials The price relation between wool and rayon was com- 
pletely reversed During the early years of the period a specified 
rayon cost almost three times as much as wool, while by the close 
of the period it sold for less than half the price of wool After 
1941 silk ceased to be a market factor due to the war, and cotton 
returned to the same price relation to wool as prevailed during the 
early years of the period. 


The Tariff on Raw Wool 

During this period there were several outstanding developments 
concerning the tariff on raw wool Under the Tariff Act of 1922 the 
duty for the first time applied against the clean content of the 
wool, namely, the wool free of all foreign matter such as grease, 
sand, dirt, and vegetable matter, and in a normal condition as to 
moisture In all previous tariff acts which levied a duty on raw 
wool the rate had applied agamst the actual weight of the wmI 
as imported The second development evolved in the Tariff Act 
of 1930 In previous acts certain wools, which were designated as 
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Class III or carpet wools, were permitted free entry, if used in 
carpets or rugs In the Act of 1930 this category of wools was 
widened to include all wools not finer than 40s grade, and uses 
permitted without payment of duty were extended to include press 
cloth, knit or felt boots, and heavy fulled lumbermen’s socks, in addi- 
tion to carpets, rugs, or other floor coverings 

Under the Reciprocal Trade Agreements program, agreements 
with Argentina (1941) and Uruguay (1943) reduced the duty 
1 1 cents per pound on clean content for wools not finer than 40s and 
other specified wools commonly called carpet wools, and 12 cents 
per pound on clean content for wools not specially provided for, 
and grading finer than 40s but not finer than 44s Agreements with 
Peru (1942) and Iran (1944) also reduced the duty on hair of the 
alpaca, llama, cashmere goat, and vicuna 16 cents per pound on 
clean content All of these changes involved reductions in the duty 
of between 40 and 50 per cent. The present duties on wools im- 
ported into the Umted States are shown in Chapter 25 

Wool Consumption at the Mills 

With only negligible exceptions all of the wools grown in the 
United States are manufactured at mills within the United States 
In addition, it is necessary to import all of the carpet and rug wools 
(which are not grown in this country), and to augment the domestic 
wool production by importation of similar wools from abroad By 
and large, imports of this latter class of wools fluctuate with 
the spread between consumption and domestic production They 
amounted to about 45 per cent of the total mill consumption of 
apparel class wools from 1919 through 1926, about 30 per cent 
from 1927 through 1930, about 10 per cent from 1931 through 
1935; and about 25 per cent from 1936 through 1939 Beyond 
1939 the percentage was much larger, being influenced not only by 
the large consumption arising from wartime demands, but also by 
stock-piling activity arismg from the same influences. 

A representative average annual consumption of shorn and 
pulled wools at all kinds of mills in the United States for various 
periods is shown in Table 5 Carpet class wools consist of those 
wools of the sheep particularly suitable for, and chiefly used in, 
carpets and rugs, although sometimes used in other products Their 
consumption after 1941 was influenced heavily by wartime condi- 
tions which restricted their availability and resulted in conversion of 
carpet manufacturing facilities to other products Apparel class 
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balance of the period, although the actual poundage consumed was 
greater m 1943 when conservation restrictions on the use of wool 
limited its availability for civilian manufacture and the use of rayon 
was encouraged by the government as a means of extending the 
supply of materials for civilian use. 

Statistics on the kinds and amounts of fibers spun into yarns on 
the woolen system are of even more recent origin and, widi the 
data at hand, any guess is much more hazardous than in the case 
of the worsted system It appears that during this period roughly 
80 to 90 per cent of the total fibers spun on the woolen system were 
shorn and pulled wool of the sheep, or wool wastes and wool by- 
products, or wool or part-wool recovered fiber Prior to 1942 
probably more than one half of this total were wastes, by-products, 
and fiber recovered from rags and clips, but from 1942 on the 
proportion may have been somewhat smaller owing to the restricted 
supply and the large quantity of blankets (requiring shorn and 
pulled wool) made for the armed services A number of fibers made 
up the remaining raw materials but m volume cotton pre-dominated, 
although the use of rayon wastes and staple fiber increased con- 
siderably during the last ten years of the period 

Number of Woolen Spindles 

The number of woolen-system spinning spindles in place in all 
kinds of mills in the United States declined about one third during 
the period to 1,600,000 spindles at its close (See Table 6 ) Most 
of this loss came after 1929 Mule spinning dommated the field, 
although frame spinning increased to about IS per cent of the 
spindles in place at the close of the period 

TABLE 6 


WOOLEN SPINNING SPINDLES IN PLACE IN UNITED STATES 

(In thousands) 


Dale 

Number 

Dec 1919 

2,401 

1925 

2,460 

1930 

2,265 

1935 

1,916 

1940 

1,684 

1946 

1,600 


Source Bureau of the Census 


The proportion of the spindles in the New England and Middle 
Atlantic states declined some during the period as the number- 
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spindles in the Southern states increased, despite the sharp reduc- 
tion in the total number. Nevertheless, at the close of the period 
over three quarters of the total spmdles in place were located in the 
New England and Middle Atlantic states The states of Massa- 
chusetts, Pennsylvania, and Connecticut were the largest losers 
both in number of spindles and in the ratio of loss to the number 
of spindles in each state 


Number of Worsted Combs 


The number of worsted combs in place in the United States 
increased through the middle of the 1920s and then started a steady 
decline which continued until toward the close of the period, when 
the tr^d was reversed under the stimulus of the insistent war de- 
contrast to other types of machmery, there were 
more combs in place at the close than at the beginning of the period. 

TABLE 7 


WORSTED COMBS IN PLACE IN UNITED STATES 


Date 

Bradford 

French 

Total 

Dec 1919 

1925 

1930 

1935 

1940 

1946 

1,880 

1,675 

1,651 

751 

815 

950 

2,382 

2,787 

2,712 

2,631 

2,490 

2,601 

Source Bureau of the Census 


an? ^o'^ated in the New England 

tion if throughout the period. The concoitra- 

at thp pvnpno and Rhode Island increased largely 

at the expense of New York and Pennsylvania 


Number of Worsted Spmdles 

of worsted-system spinning spindles in place in all 
United States increased, as did the number of 
middle of the 1920s and then started a 
of fhe period At the close of the period 
niapp fii ^ fewer Bradford system spindles in 

place than at the beginning of the period, and about 10 per cent 
fewer French system spmdles (See Table 8 ) ^ 
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TABLE 8 

WORSTED SPINNING SPINDLES IN PLACE IN UNITED STATES 

(In thousands) 


Date 

Bradford 

French 

Total 

Dec 1919 

1,646 

710 

2,356 

1925 

1,877 

880 

2,757 

1950 

1,690 

820 

2,510 

1935 

1,515 

750 

2,265 

1940 

1,379 

657 

2,036 

1946 

1,272 

644 

1,917 


Source Bureau of the Census 


Throughout the period over 90 per cent of the total spindles in 
place were located in the New England and Middle Atlantic states, 
but there were some shifts in the distribution among the states in 
these groups A comparison of the spindles in place at the begin- 
ning and close of the period in the principal states shows the largest 
percentage declines in Pennsylvania and New Jersey, the greatest 
loss of spindles in Massachusetts, and some gam in Rhode Island 
and in other New England states combined . . . u ir i 

Ring spinning increased during the period in both the Bradiorcl 
and the French systems of spinning, but at the close of the period 
cap spinning still dominated in the Bradford system, accounting for 
about 75 per cent of the total spindles in place spinning 

dominated in the French system, accounting for about 80 per cent 
of the total spindles in place 


Number of Woolen and Worsted Looms 

There also was some increase through the middle of the 1920s m 
the number of broad looms (SO mclies or more reed space) m place 
m the United States weaving materials (other than carpets and 
rugs) primarily from yarns spun on the woolen and ^ 

terns But from the middle twenties to the end of the period thi. num- 
ber in place declined to about 40 per cent less than at the bc£nnm^ 
The use of narrow looms m weaving such materials o^bned 
steadily throughout the period and by ds close, Uiey 
nonexistent Narrow looms were discarded because ot the i;row«s' 
preference for wider cloths and a drying up ot narrow doth ii arrets. 
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During this period looms with automatic filling change came to a 
predominating position At the close of the period about three 
quarters of the broad looms in place were looms of this type. While 
the total number of broad looms in place declined about 17,000 
between 1930 and 1946 the number of broad looms with automatic 
filling change actually increased about 8,000 looms Some of these 
automatic looms are of a type readily convertible to regular 4-by-4 
nonautomatic box looms 


TABLE 9 

WOOL MACHINERY IN PLACE IN PRINCIPAL STATES AND AREAS 
OP THE UNITED STATES— DECEMBER 27, 1941 


ftn/t A 

Woolen and Worsted 
Looms 

Spinning Spindles 

Worsted 

Combs 







Broad* 

Narrows 

Woolen 

Worsted 


United States 

38,979 

2,440 

1,634,668 

1,955,512 

2,494 

New England 

25,053 

1,453 

876,691 

1,397,542 

1,714 

Connecticut 

Maine 

Massachusetts 
New Hampshire 
Rhode Island 
Vermont 

2,302 1 
3,559 1 
10,319 
2,842 
5,165 
866 

\ 341(0) 

728 

74 

258 

52 

143,766 

157,018 

335,408 

121,124 

77,516 

41,859 

14,680 

101,512 

704,212 

55,860 

500,942 

20,336 

(a) 

(a) 

1,082 

(a) 

555 

N 

Middle Atlantic 

7,914 

677 

403,602 

465,886 

678 

New Jersey 

New York 
Pennsylvania 

2,567 

1,968 

3,379 

} 60 (o) 

617 

66,917 

196,767 

139,918 

156,866 

88,632 

220,388 

398 

73 

207 

Southemi 

North Central* 
Western* 

2,878 

2,616 

518 

} 310(a) 
N 

159,112 

166,571 

28,692 

40,448 

40,856 

10,780 

. 102 (a) 


* Alabama, Delaware, Georma, Kentucky, North Carolina, South Carolina, 

Texas, Virginia, and West Virmnia 

* Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio and Wisconsin 

* California, Oregon, Utatu Washington, and Wyoming 

* Over fifty inches N. None 
■ Fif^ inches and under 

(a) Cannot be shown separately without disclosing the equipment of individual mills 
Source. Bureau of the Census 
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A f ■< lu:: A.\ 3 > \ujii n:? ) loo* l; in* placl in unitjih statcs 
r,v 


r r I'Jl? 

J92S 

19n7 

1940 

J9}9 

"• ~.ttc t< Itt Cr- 


J L- 


01. m 

51 07 
-lU'O 
W.4 «0 
.57,109 


Aoi) >u 


18,931 

18,121 

12.852 

7.769 

1,683 

1,776 


At ihc dose of ihc period .iboiit 80 per cent of tJic broad looms 
.••ere lociitd m the New Eni'l.iml and Middle AlKinlic slates al- 

l states had increased 

All Ihc New Enfil.ind and Middle Atlantic states shared in the lioui- 
d ition durint; the pcrio<l, but it appears tliat Massachusetts lost^not 
only the greatest number of looms, but also shS with Pe^n- 
fooms” Jersey m loss of the largest proportion of their 


Wages, the Work Week, and Labor 


Images The peak of the rise in the wages of woolen and worsted 
mill cmplo>ccs that was induced by World War I was reached in 
1^0 lietwecn 1920 and the start of the rise associated wSi Wo^^^ 
War II there were several major adjustments m wage scales As 
the country went into the depression of 1921 a large number of 
mills clfcctcd cuts of 22^/^ per cent Wage rates dropped again 


TABLE H 

AVERAGE HOURLY EARNINGS OP FACTORY EMPLOYEES IN 
WOOLEN AND WORSTED GOODS MANUFACTURE 


Period 

Earnings 

Period 

Earnings 

1920 

63 

Dec. 1941 

70 

1922-1930 

47-53 

1942 

79 

1932 

39 

1943 

82 

May 1933 

28 

1944 

85 

Dec 1933 

48 

1945 

90 

i93'l-1936 

1937-1940 

.48-50 

.53-59 

1946 

104 


Source U« S Bureau of laibor Statistics 
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as the country sank deeper and deeper in the depression of 1932 
The low point was reached m the first half of 1933. On August 15, 
1933, the Code for the wool textile industry under the National Indus- 
trial Recovery Act became effective, and average hourly earnings 
jumped abruptly fiom the neighborhood of 30 cents to 48 cents. A 
series of changes during the period from December 1936 through 1940 
resulted m average earnings between 53 cents and 59 cents In early 
1941 a rise in wages started that was still in progress at the end of 
the period, when earnings averaged $1 04 per hour 

The work week The length of the full-time work week of em- 
^ ployees was shortened twice during the period. In 1919 the forty- 
eigh^hour week replaced the fifty-four-hour week as the usual 
schedule for a large number of employees, although in some areas 
operations continued on a fifty-four-hour basis The forty-hour 
week was adopted under the code in August 1933 and applied to all 
mills subject to the code This schedule continued as the usual 
work week, even after the invalidation of the N I R A code struc- 
ture through a Supreme Court decision early in 1935 

Labor During the period three major labor disturbances took 
place In early 1919, in making demands for a forty-eight-hour 
week, it was not clear for a time whether it was expected that the 
hourly rate of pay should remain the same or whether an adjust- 
ment would be asked so that the pay for forty-eight hours should 
equal the amount then paid for fifty-four hours In m any instances 
the forty-eight-hour week was granted without any hourly wage 
adjustment, but labor difficulties arose in Lawrence, Mass , Passaic, 

J , and Woonsocket, R I In the Woonsocket area adjustments 
were quickly effected and in Lawrence hands began drifting back to 
work from the outset of the difficulties; however, in Passaic two 
months passed before the mills were reopened 

25, 1926, a strike broke out in the Botany Worsted 
Mills at Passaic, N J , which quickly spread to the other woolen 
mills in the area and even to other types of mills More than a 
y^r ek^ed before some of the mills got back into operation after 
labor difficulties that were stated by some textile people to have 
surpassed those of the Lawrence strike of 1912 

September of 1934, as a part of a general textile strike 
voted by the United Textile Workers, a large number of woolen and 
worsted mills were closed On September 5 President Roosevelt 
issued an Executive Order authorizing the setting up of a board, 
which later became known as the Winant Board, to inquire into 
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complaints of the workers and the problems confronting the em- 
ployers On September 17 the Wmant Board recommended to the 
President the creation of a Textile Labor Relations Board and a 
series of studies in connection with problems raised On the basis 
of these recommendations the union announced the termination of 
the strike, and on the following Monday the mills reopened 
The organization of employees by unions progressed steadily after 
the formation of the Committee for Industrial Organization in the 
middle 1930s, and at the end of the period the employees of a sub- 
stantial number of the mills in the industry were covered by con- 
tracts with unions Most of these contracts were with the Textile 
Workers Union, affiliated with the C I O , the United Textile Work- 
ers, affiliated with the ^ F L , and the Industrial Trades Union, 
an independent group m Rhode Island ^ 


Full-Time Operating Schedules 


A significant transition took place during the period in the full- 
time operating schedules of plants and machinery Reference has 
already been made to two shortenings in the length of the work 
week In addition, multiple-shift operation was supplanting single- 
shih operation This trend was accelerated in 1933 by the N R A 
code for the wool textile industry which not only shortened the 
length of shifts to forty hours per week but also, through its wage 
provisions, raised labor costs. There was a distmct trend toward 


TABLE 12 PERCENTAGE OF ACTIVE MACHINES OPERATING TWO 

OR MORE SHIFTS 


Period 

Broad 

Lootna 

Woolen 

Spindles 

Worsted 

Spindles 

Worsted 

Combs 

1921 

4 

7 

6 

24 

1925 

7 

13 

9 

25 


19 

14 

15 

31 

1935 

71 

57 

47 

69 


78 

58 

56 

72 

1942 

86 

73 

64 

85 

1945 

74 

62 

45 

74 

1946 

79 

70 

53 

82 


Source Derived from reports of the Bureau of the Census 

three-shift operation after the middle 1930s This trend reached a 
peak in 1942 when the following percentages of the active machines 
were running three shifts, broad looms, 31 per cent, woolen spindles, 
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34 per cent; worsted spindles, 12 per cent; and worsted combs, 57 
per cent Both two-shift and three-shift operation receded some 
after 1^2 owing to the shortage of help 

Woven Cloth Markets 

Of the cloths woven during 1919-1946 contammg by weight 25 
per cent or more of yams spun on the woolen and worsted systems 
over four-fifths were for use in weanng apparel of one sort or 
another The large part of the balance was for use as blankets, 
draperies, and upholstery The most significant development dur- 
ing the period m connection with nonapparel cloths was the develop- 
ment and growth of the “closed” automobile with its upholstery re- 
quirements 

With so large a part of the market m wearmg apparel, forceful 
repercussions from the happenings in these fields were inevitable 
Factory-made wearing apparel for women continued to grow m 
favor and largely displaced home and local dressmalcing Fashion 
and other factors such as the use of closed automobiles and centrm 
heatmg dictated both fewer and lighter clothes These eliminated 
some markets and wool manufacturers experienced difficulty 
adjusting their product to the remaining markets Furthermore, 
women in greater numbers could afford the luxury of fur coats In 
men’s clothing the most significant development was the recognition 
and increase in use of specialized clothing for summer wear These 
included not only lightweight clothing of conventional design, bm 
also slack suits and slacks with a variety of upper garments, wth 
requirements more adaptable to non-wool cloths. At the same time, 
progress m finishes was imparting to cloths of other fibers some of 
the characteristics inherent in wool 

TABLE 13 

PRODUCTION OF WOVEN APPAREL CLOTHS IN UNITED STATES 
BY MILLS PRIMARILY WEAVING CLOTHS WHOLLY OR IN PAR^ 
OF YARNS SPUN ON THE WOOLEN AND WORSTED SYSTEMS 


(In millions of square yards) 


Year 

Produclum 

Year 

Production 

. 

1919 

510 

1937 

471 


1925 

527 

1942 

685* 


1929 

416 

1946 

786 

... 


*Includes substantial quantities for the Army and the Navy 
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Besides^ there was increased competitive pressure in all markets 
from several newcomers. The knitting trades developed or ex- 
ploited ihcir product in numerous new fields Most significant was 
their entry into the coating, topcoating, and overcoating markets, 
and during tiic later years of the period a substantial portion of the 
men’s and bojs’ topcoats and overcoats were made from knit cloth 
Then there was the astounding growth of rayon and other syn- 
thetic fiber industries The use of filament rayon yams in broad 
woven goods increased from less than 3,000,000 pounds in 1919 to 
300, OCX), 000 pounds during the later years of the period, and a large 
part of these goods were for the dress and lining markets Since 
1930 tlie production of rayon staple has grown from less than 500,- 
000 pounds to 175,000,000 pounds per year This staple fiber is 
processed largely on cotton system machinery, some in combination 
with wool, into a 'large variety of fabrics 


World War II Procurement by the Armed Services 

The procurement of cloth by the armed services was occasioned 
largely by their policy of furnishing the component materials for the 
manufacture of most of their garments, although some cloths were 
purchased for other reasons such as war aid to other nations Pro- 
curement for World War II began about the middle of 1940 in 
connection with steps taken to bolster the defenses of the country, 
and substantial quantities of wool cloths and blankets were delivered 
prior to the Japanese attack on December 7, 1941 These quantities 
are included in Table 14. 


TABLE 14 

DELIVERIES OF PRINCIPAL WOVEN CLOTHS AND BLANKETS TO 
THE ARMED SERVICES FOR WORLD WAR II 


Service 

Worsted 

Cloths* 

Woolen 

Cloths* 

All-wool 

Blankets^ 

Army 

334 

198 

60 

Manne'Corps 

6 

16 

2 

Navy (exc Marmes) 

4 

77 

14 

Total 

344 

291 

76 


^Wholly or m part of wool in millions of linear yards 
tin millions of blankets largely 66 by 84 inches 


Source 1945 Bulletin, National Association of Wool Manufacturers. 
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The peak period of deliveries of worsted cloths was the second 
half of 1942, but on woolen cloths and blankets the peak was not 
reached until the first half of 1943, when large deliveries of blankets 
were made to the Army for its Medical Corps, and Navy and Marine 
requirements reached their crest. Deliveries then tapered off through 
19^, but reached a secondary peak in the first half of 1945, whra 
it appeared it might be necessary to provide for winter campaigns in 
temperate zones on two fronts The effective capaaty to produce had 
been considerably lessened by this time and facilities were taxed to 
a greater extent than in the last half of 1942 All worsted production 
facihties were frozen against priority rated orders, and while it 
not deemed practical to freeze woolen facihties, the War Production 
Board issued directives to each individual mill based on the manu- 
facturing potentiality of its equipment. 


Worsted Yam and Wool-Top Markets 

Since the knitting trades in the United States biqr practically ^ 
their worsted spun yams they become one of the markets for the 
wool textile industry A representative average annual production 
of kmttog yams on the worsted systems for various periods is 
shown in Table 15. 


TABLE 15 ' 

KNITTING YARNS SPUN ON THE WORSTED SYSTEMS 


(In milhons of pounds) 


Period 

Bradford 

System 

French 

System 

Total 


.Av. 1920-24 

31 

9 

40 


1925-29 

27 

11 

38 


1930-34 

28 

13 

41 


1935-39 

33 

10 

43 


1940-44 

47* 

10* 

57* 




•Includes yam for Army and. Navy garments. 


During the last ten years of the period a sizeable market^ for woo 
top devdoped among the cotton system spinners for spinning ^ 
blends with, rayon staple or rayon staple and cotton In additiofli 
during World War II there was a persistent demand from cotton 
system spinners for wool top to be spim in combination with cotton 
for Army underwear and Army and Navy socks. 
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World War II Government Controls 

The strategic position of wool in the war potential of the country 
was early recognized In October 1940 the National Defense 
Advisory Commission announced that arrangements had been made 
for the accumulation of a reserve of 250,000,000 pounds (grease 
weight) of Bntish-owned Australian wool to be stored in bond in 
the United States These arrangements provided that wool would 
move to this country from Australia to the full extent of available 
shipping, but facilities permitted the movement of less than 175,000,- 
000 pounds (grease weight) by December 1, 1941 

When war came on December 7, 1941, supply lines over all the 
seas of the world were threatened To ensure a continuous supply 
of wool for military needs the War Production Board considered 
it necessary to limit the over-all mill consumption of shorn and 
pulled wools and to curtail severely their flow into civilian uses, 
and to accomplish this end issued on January 3, 1942, Order M-73 
Even after the supply situation eased later, this order, amended 
from time to time, was continued as a vehicle for allotting facilities 
to priority rated orders In 1945 the War Production Board 
deemed it necessary to exercise some control over the wool cloths 
flowing to the civilian markets, and issued Order M-388C, which 
was later replaced by Order M-328B, Schedule K 

The day following the declaration of war the Office of Price 
Administration announced that ceiling prices would be established 
for wool at approximately the existing levels, and on December 17 
issued Price Schedule 58 setting ceiling prices for wools, tops, noils, 
and yarns A press release was made at the same time announcing 
an intention to freeze wool cloth and blanket prices To meet the 
requirements of the Emergency Price Control Act, which became 
law in late January 1942, a separate price schedule for shorn wools 
of domestic growth was issued in late February as Maximum Price 
Regulation 106 In April came Maximum Price Regulation 123 
covering wool waste materials and a General Maximum Price Regu- 
lation applying to all products not already covered by specific 
schedules Most cloths were placed under separate schedules in June 
1942 with the issuance of Maximum Price Regulation 157 covering 
sales to military agencies, and Maximum Price Regulation 163 
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covenng other sales of apparel cloths. Price control on cloth ivas 
earned beyond ceiling pnees in May 1945 when the Office of Price 
Administration issued Supplementary Order 113 embodying its Max- 
imum Average Pnee program (referred to as MAP) 

Government procurement of wool of domestic growth through 
the Commodity Credit Corporation, beginning in 1943, has been men- 
tioned in the preceding section on \%ool prices 
This outline covers the principal controls more or less specificall) 
applying to wool and wool manufacture but omits a host of controls 
and regulations that affected operations The v/age structure was 
su ject to the regulations of the War Labor Board, some products 
were subject to offier price regulations and rules; and prohibitions 
and controls applied to imports of w'ool, the use of Olive Drab 

cases, dyestuffs, lubricants, repair parts, and 


Foreign Competition 


quantity of wool top was imported in 1921, and sizeable 

the early 19203, 

largest importe on these items were much smaller The 

19205 f °^/°ths m the penod was made during the 

m die fSl the Prmcipal source of imports, although 

SanufaSrl competition from JapL appeared as 

in this coimtrv county started a drive to expand markets 

progress untiWJi Quahty problems impeded 

progress mtil ffie war kiUed off this threat 

After competition was held within limits 

m reyaS/iminrS important than the tanff 

undefdi^anff^Art oTfg^o f'^^^uate test was made of the duties 
curricT^ ° the new ahgnments of world 

of 1932 let alnrif* Solved during the world depression 

agre^eitl'Litr^^^^^ through trade 

1934 • ^^ciprocal Trade Agreements program smee 

mSr ^ clothsf S^ikrti 

The duties 'on wobl 

further reduefann af “^^uded among those to be considered, fpr 
turther reduction at a trade conference scheduled for April 1, 1917.. 
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TABLE 16 




RCDUCTIONS IM IMPORT DUTIES RESULTING FROM 
RECIPROCAL TRADE AGREEMENTS 

Item 

Prom 


Effective Date 

Top 

37c per lb 
-1-20% ad val. 

37c per lb 
+12i^% ad val 

Jan 

1, 1939 

Yarn — rabbit hair 

iOc per lb 
-1-35, IS, or 50% 
ad val 

40c per lb 
-f2S% ad val 

June IS, 1936 

Yarn — other 

iOc per lb 
-1-35, 45, or 50% 
ad val 

30 to 40c per lb 
-1-30% ad val 

Jan 

1, 1939 

Woven cloths not over 
toz persq yd 

With cotton warp 

40c per lb 
-pSO, 55, or 60% 
ad val 

40c per lb 
-1-37H% ad val 

Jan 

1, 1939 

Without cotton warp 

50c per lb 
-1-50, 55, or 60% 
ad val 

50c per lb 
+3714% ad val 

Jan 

1, 1939 

Woven cloths over 1 oz 

50c per lb 
-1-50, 55, or 60% 
ad val 

40 or 50c per lb 
+45, 40, or 35 % 
ad val 

Jan 

1, 1939 

Blankets, hand-woven 

30, 33, or 40c 
per lb 

-1-36, 37 J^, or 
40% ad val 

20c per lb 
+20% ad val 

Jan 

30, 1943 

Blankets, other 

30, 33, or 40c 
per lb 

-P36, 37}^, or 
40% ad val 

30, 33, or 40c 
per lb 

+36% ad val 

Jan 

1, 1939 


Labeling of Wool Products 

Agitation continued for both 'federal and state legislation to 
require labeling of wool and part-wool fabrics Some of the pro- 
posals applied only to »wool and part-wool fabrics and garments, 
but others were more general, applying to all textiles The rapid 
in- frlip use of rayon, both alone and in comb inati on w itn 
nthpT fibers, gave impetus to the movemenLfor riberrigentThcat^ 
and-r«nevedr-seme-Jif theL-en iphasis.^D ailic uiarly bv w ool^growingr 
tntprests. for differentiation between, so-ca lLed_virgin- WOol and re- 
^ cov63Ped-woorfiber . 







58 


American Wool Handbook 


rnlZr j f were made to solve the labeling problem, 

of i promulgated by the National Bureau 

for T°, part-wool blankets at the close of 1932, 

ianirHrr/ November 20. 1937 One purpose of these 

in? methods for describing and label- 

Board of D?re? February S, 1935, the 

toers aoD?oveH f National Association of Wool Manufac- 

ainm? “j for the labeling of fabrics con- 

taining camel s hair and other specialty fibers 

the^ achve^ suDoSr^^ f "" ^®S«slation continued and, finally, with 
approval L ""^^u^acturers. culminated in the 

products confamincr^ ^ requires the labeling of all 

sented as coni-'iinir5’ purporting to contain, or m any way repre- 
required that the hh 7°^* ’ wool, or reused wool It is 

represented bv^L ^ p percentage of the total fiber weight 

fibers present,^ if any percentage of other 

lamb °or hair^of f h * A fleece of the sheep or 

S v^na wLh darnel, alpaca, llama. 

hafS^^^S^feltl^mtn^p ^^esulting when wool 

U™g*^e^^utihz^£a ^ vothout^ 

quently has b^j^^n 

reprocessed -w^l hS^bfe^spurw ^ fiber resulting when wool or 
wool product whic^ after if. ’ ^ 

i qtimate, consumer subsequentTTKfT^®**^^*'^^ 

all manufacturers tn ^ ^ ander the act led almost 

on the ffround thai- passage This opposition was based 

“ *"'«* ‘0 “>*«'” need for such a 
ttiercial tests that r-m would be difficult with no known corn- 

S ffie pTootd dTd“.“^ “<* 
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Wool Promotion and Industrial Co-operation 

Wool promotion After 1923 operations generally were not satis- 
factory and profitable, and in June 1925 an informal conference of 
representatives of the National Association of Worsted and Woolen 
Spinners, the American Association of Woolen and Worsted Manu- 
facturers, and the National Association of Wool Manufacturers was 
held in New York to discuss the unsatisfactory condition of the 
industry At this meeting the suggestion was made that there was 
a great opportunity to educate the public concernmg wool, its manu- 
facture, and the fabrics made from it In early 1926 it was pro- 
posed that the National Association of Wool Manufacturers, the 
National Association of Worsted and Woolen Spinners, the Ameri- 
can Association of Woolen and Worsted Manufacturers, the Phila- 
delphia Wool and Textile Association, and the Boston Wool Trade 
Association appoint a committee to make a study of the situation 
and report on the advisability of undertaking a national publici^ 
campaign to promote the greater use of wool and its products The 
committee organized on May 11, 1926, becoming known as the 
Publicity Committee of the Wool, Woolen, and Worsted Trades, 
and four booklets were prepared and issued under its direction 
Three meetings of the trade planned by the Committee were held m 
July at Boston, Philadelphia, and New York, and, as a result, the 
committee requested the respective organizations that had appointed 
the committee members to select two delegates to a proposed Wool 
Council of America which was to establish a more permanent form 
of organization These delegates were appointed and started work 
but, owing to the disinclination on the part of important manufac- 
turers to accept positions on the Board of Directors, it was voted in 
June \927 to abandon the effort 

The Wool Institute In this same month of June 1927, a confer- 
ence of woolen and worsted weavers called by A. D Whiteside, 
President of the National Credit Office, was held at the Roosevelt 
Hotel in New York Mr Whiteside urged co-operative effort to 
combat their ills and suggested the immediate appointment of two 
committees, a Committee on Production and a Committee on Dis- 
tribution 

The immediate tasks of the Committee on Production were out- 
lined as (1) to influence mills to use a common or uniform method 
of figuring costs, and (2) to urge the establishment of prices to 
include a profit Those of the Committee on Distribution uere (1) 
to maintain opening prices through the selling season, and (2) to 
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through^ ad^rtislrw of what might be accomplished 

suSons and aof conference acted on Mr. WhiLde's 
The need for a committees, which set to work, 

to pursue this wnrt P®^™^oent and unified form of organization 
WhSe was thenar Mr 

Januarv 1928 ttiA "ur i such an organization, by the close of 
S o7er id born This organization 

on Production aTofstHbimf'''''''^ Committees 

gated Wool Institute were mvesti- 

determme If soL iirA Department of Justice to 

result on June 27 1930 *a °f antitrust laws As a 

^'^tates District (Sirt m Ma^^v “i fbe United 

man Antitrust Act Mn alleging violation of the Sher- 

was entered simultanAnnei taken, and a consent decree 

was made 1o Smi ‘be bill An effort 

by the court, but it was not sucSfu'r“’““‘ ““vihes enjoined 

President ot‘lh^'vSed‘siJi^^^'^}' iP“ ***' 

Recovery Act This Act An^w‘!f ‘be National Industrial 

ditions were met to anSn^A b^ President, when certain con- 
and, after appro^ -dustrjr 

was drafted by the Natmnai^ A ‘bf °f ^^^w Such a code 
and submitted to and annro of Wool Manufacturers, 

The code forthe wool the President on July 26, 1933. 

the law Later rules of n '^^try was the third approved under 
divisions of the industry wi!-A^^c^*^ merchandising for various 
of some of the provisions of J ^“d approved The effects 

On March 25 1935 the SimrA^^ ^ b^^c already been mentioned 
that the code strucire ‘be Umted States ruled 

was unconstitutional ^ ‘b^ National Industrial Recovery Act 

organization for 

the Wool Institute tliA ^od wool products ceased to exist with 
manStnS deSa?a .1“ I^'bmary 1935 wool 

Industries to nromote organized the Associated Wool 

tough die fSm^actafe tn°'r“ 'A®""* 

able wool merrti!inrifciA^‘ mforming the public of desir- 

availabilitv of de^irahiA advantages, (2) stimulating the 

retail markets fSI mdi merchandise in the wholesale and 

retail markets, (3) aiding retailers toward more effective and more 
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profitable selling of wool merchandise; and (4) educating the gen- 
eral public and retail sales clerks about wool, its manufacture, uses, 
and advantages Financial support of the organization lagged from 
year to year and, during 1938, the fourth year, its budget was 
drastically curtailed to about 40 per cent of the first year. In early 
1939 an announcement was made that the activities of the organiza- 
tion would be terminated. 

International Wool Secretariat In December 1938 the Inter 
national Wool Secretariat appomted a New York representative 
This Secretariat, organized about a year previously, has headquar 
ters in London, and is dedicated to increasing the world consump 
tion of wool, being an organization representing the wool-growmg 
countries of the British Empire and supported by a levy on wool 
exports With the demise of Associated Wool Industries the 
Secretariat turned its attention toward obtaining the participation 
of the domestic wool-growing industry in a program of wool 
promotion. 

The National Wool Growers Qmvention m January 1940 voted 
to co-operate with the International Wool Secretariat, and approved 
the mechanics for supporting participation, which entailed the co- 
operation of the National Wool Trade Association This latter 
Association agreed to collect and remit the levy approved by the 
Wool Growers Association when buying wool from growers, pro- 
viding the growers had signed a contract with a clause authorizing 
this action A more formal organization of American wool growers 
emerged for promotional and educational work in March 1941 with 
the formation of the Amencan Wool Council 












Chapter 2 


SHEEP BREEDS—SHEEP RAISING 


T HU shti.p IS unc of unit's oldest helpmates and it was prob 
ably one of tlic first annuals to be domesticated According to 
Burns anil Moody,’ very little is known concerning the remote 
ancestors of the prtsent-daj sheep, undoubtedly they aie intimately 
related to the urial and moufllon types of wild sheep 
Ul_ihiJjtSi*HUHg~s!Kcpu.vu:ii_£yyy:ecUitllxAMUiJj^^ 
was merel) a soft si i_gh t doAm^ ne'^t J o thp^sj^ni The Scotch black- 
TaStrshCe(ri'S~on2”df‘i1ae present breeds* most closely related to this 
primitive t>pc 

In the eailicst pastoral industry one finds that Abraham, the 
patriarch of the Old Testament, thrived and prospered because of the 
value of his great fioeks and herds According to Crawford, the 
oldest evidence of wool comes from Asia Minor, from Tell Asmar, 
the great hill or mound Under a succession of ruined cities were 
found seals indicating an elaborate system of personal ownership 
of wool and flocks of sheep There is evidence that trade existed 
in this venerable fiber The date set for this mound is 4200 b c , or 
6000 years ago The pastoral industry was apparently one of the first 
agricultural pursuits to be established Itrom ^ cfi ntraL ^sia .. the 
cradle of civili/ation, the sheep, gradually were mtroduced inj;o.,iiew 

Sheep, 

probablyof the fine wool type, had been introduced into Spain 
by the Phoenicians hundreds of years before the Christian Era 
There is little ^ouht-that a nunibjeiiiiLdii£er£nt-tvpes.- of. Jner-l'wo ol” 
s heep from Asia.. Africa....G .rees.e....^nd..JB.Ojm.e^.wxre~.brought ^nto 
Spmn nnrl— thft.*.various blood lines fused to form the famous 
Spanish merino sheep, the ancestor of the finest wool-bearing sheep 
of today 

» “Trek of the Golden Fleece,’’ The Journal of Heredity, Vol 26, 1935 
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DEVELOPMENT OF BREEDS BY COUNTRY 


Spanish Merino Sheep 


of merino sheep husbandry m Spam is the saga 
mam development took place between the 
hari K ^ ^ Although sheep breeding and improvement 

mpnt earlier date, it did not reach its fullest develop- 

ment until the appearance of the merino m Spain 

^ period from 1500 to 1700 great traveling and stationa ry 

prevailing type ofsheep hus^nSry 
m ^ i ir sheep numbered about 10.000,000 and made 

iSifroc? f population of Spam at that time In 

fnr fi, ° ^ Stationary flocks, which remained m the same district 

”?*g‘'atory sheep started north about the 
NnvpmK(»i- lambs, which had been born the previous 

oarerl fnr ft, way, they were sheared and the wool pre- 

fti-. f inarket in the shortest possible time The flocks reached 
thp n?? pastures in about six weeks and remained there until 
harfW returned to the South Thus, these 

Is u Lv ^ 400 miles long 

the fniinriof”^^*^ Spanish merino and its descendants furnish 

Annual til! ? 1?°'^ Western sheep industry is built? The 

of thi duplicated today m many sections 

mile^befwe/nT travel from 100 to 300 

See?Sh.c^S “* managemint for these migiatory 

a fl(Kk ’ ^ model of efficiency for the conduct of 

cai^^Si!2i°n sheep was guarded against with great 

Wdom nnHpr tS ^llowtd to take a live merino out of the 

anv^snSiie^^t P®"alty of death, it was very difficult to obtain 

thJ sSSiTh W,ncr‘^®t'”° was related to 

of thi^hnnffari Vi^’ prerogatives to ask for some 

tronsL^tn 1 1 as a gift Others did not 

trouble to ask, but smuggled sheep out through Portugal Through 

Spanish merino m the second half of the 
eighteenth century the foundation of the great wool-raising industry 
was laid all over the world 


European Merino Sheep 

Spain, however, was not the only country with a sheep industry 
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From the tenth century on, Spain had a rival in England, and by the 
thirteenth century England was the greatest wool-producing country 
in the world, although the wool it produced was of a muc^ coarser 
type By the opening of the nineteenth century, there were about 
13,000,000 sheep in England The merino sheep was mtroduced into 
England about the year 1791 The climate of the coimtiy was not 
compatible with the requirements of the breed, and, in consequence, 
the quality of the wool could not be preserved, alAough much ad- 
vantage was gained by crossing the merino with native breeds 
France, Germany, and Austria also produced some wools of fine 
quality, but only after the introduction of the Spanish merino did 
the sheep industry in the various countries make considerable 
headway. 

In Germany, the year 1765 marks the date when the Elector of 
Saxony, a cousin of the King of Spain, was able to obtain a gift of 
300 sheep from the Royal Escorial flocks These selected Spanish 
merinos, under the excellent care of a Saxony shepherd, developed 
the finest fleeces the world had ever seen up to that time Mane 
Theresa was responsible for the importation of Spanish merino into 
Austria-Hungary in 1771 They were established on a government 
farm in Hungary 

France made its debut in the wool-growing business in 1786, when 
Louis XVI bought a flock of 380 sheep from the King of Spain, 
which he established on the Rambouillet estate, an experimental 
government farm These sheep did so well that in 17^ another 
flock of 237 sheep was obtained During the reign of Napoleon 
it was said that approximately 20,000 merinos were brought into 
the country and distributed throughout France In developing the 
Rambouillet type, the French put special value on the development 
of the mutton quality The blood of the Rambouillet flock has been 
kept pure since the first introduction of Spanish merino into France 
The Ram bouillet bree.d_i s of s pecial interest to.ih&JJnited, States. 
because ~it^.i a!I!tf us^..5 re e^ which _ since„ 1893 . -has> • spread rapidly 
tfirQupmuLih e.Do\uitrv..as-the-- besLbreedmg-type. 

Another unportant sheep country is Russia, where the first merino 
sheep were introduced in 1802 by a Frenchman. They were brought 
to the southern part of Russia, During recent times a great many 
American and Australian mennos have been used to improve the 
Russian flocks. 
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Australian Merino Sheep^ 


settled, little thought was given to. its 
natural herbage, which most writers described as insufficient to 
nourish animals jn any numbers Not a single sheep was living in 
Australia up to 1750 & & 


ilSS^eMs^iaUails. 

wool Abduction 

' rJtll ^^t®rhouse was sent by the authorities to the 

sheep He purchased thirty-two 
eh ^ i^enno sheep there, twenty-nine of which reached Australia 



Fig X Australian merino ram of New South Wales 

Courtesy J. F Wtlson. Umverstty of Cahfomta 

“Official history, from the Australuw Wool Council 


Sheep Breeds — Sheep Raising 


67 


An army officer, Captain MacArthur, was the first man in the 
colony to cultivate land ^ ^mong the original livestock on -h is iarm 
were a small flock of Indian ,ana ImH^Heii) jto35ych he added m 
1 79>^'lwo m^ino 'ra‘nr^nd‘"fouyVwes from sheep imported from the 
Cape ' ' t!IaptauriVIa£\rthur“Ka^ earlier realized that "A petty pop- 
ulation, established at so vast a distance from other civilized parts 
of the globe, could have no prospects of ultima tely succeedi ng, un- 
l ess by raising as^an M^^t some_raw mat^ul .which. -wo uld be 
producecTwiflii itfl^laEor. bejmconsiderable demand, and be capable 
pt 6ear ing_^bX-expensej3-f-the long sea voyage” The commodity 
wfiichi m his opinion, was most likely to fulfill these requirements 
was wool Other colonists, too, had realized the possibilities of 
establishing a fine wool industry, and most notable of these were 
the Reverend Samuel Marsden and William Cox 

Realizing that, if the infant industry were to be developed in 
earnest, interest must be aroused in London, Captain MacArthur 
visited England m 1803, taking with him samples of mermo wool 
He succeeded in interesting the wool trade in London, but, more 
important, he brought back with him five rams and one ewe from 
King George’s own flock of pure Spanish merinos The sheep were 
to &ve a profound influence on the development of sheep in 
Australia 

The first commercial export of fine wool from Australia consisted 
of a consignment in 1807 of 245 pounds - London merchants eagerly 
sought samples of the new wool and paid high prices for it, une 
b ale re al izmg.as. much as £16 4 j per pound. Year by year increasing 
^ahtities of Australian wool were arriving in England, and simul- 
taneously the quality of the product was improving By 1828, 
England had admitted that the wool from the colony was longer, 
softer, and more resilient than any but the best German wools and, 
moreover, was exactly suited to the manufacture of cloths then in 
demand 

The eighteen-thirties marked the rapid extension of the industr>' 
in Australia Men spoke and dreamed of nothing but sheep The 
cry was “put everything in four feet,” and by 1840 the flocks had 
spread irresistibly over large portions of the areas now known as 
New South Wales, Victoria, Tasmania, and Queensland Australian 
exports to England increased at an amazing rate from 4,000,000 
pounds in 1835 to 13,000,000 pounds m 1842 Wool became the 
great national industry 

In the forties came the greatest crisis in the history of Australia 
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had industry and the spread of settlement 

in conditions which were without real foundations, 

until bv 1R4'?^ bubble was pncked Conditions grew rapidjy worse 
once of vii 'u'" "'l^Jcspread At this time too, th? world 
i ^ downward trend, and pnces of sheep 

his 9000 ievels. It is on record that one squatter sold 

a.^hiUing^.dQ 2 en In this crisis the 
the end of ^ “boding down” and by 

was worth been so treated Tallow 

about 12 ro 1 ^ pound and the average sheep provided 
was once morl ^845 however, the colony 

nsinrwmTnnr^ ^ progress, and in the next year, with 

S P es, the flock numbers once again began to increase 

problem^tiiat^^rpH'^lf 16,710,566 sheep m Australia The next 
caused bv the uidustnr was the acute shortage of labor, 

caused by the discovery of gold and the rush to the gol^ fields 

flTt « .4 . ® 


havl*’setij!id mwSle'^ growing pains whicl 

flockmasters, by careful sdmmrL^"?’' ^ 

.ttor icfcs. In 


urnvea and mult 
'■ A^^ alia's_ grassy plants . 


deSde wita^sYedTsL^^^’^i^ Australia, but the next 

experienced the seasons and in 1902 the counto 

SoTSe?DreTd of m its history At this 

became a serious farinl^^T become a pest after 1880, 

pastoral lands that bv droughts and rabbits so affected 

000— just half what &e^a?r^ numbers had dropped to 53,000,- 
j nail wnat they had been ten years previously, 

' I 'n AC A ^ 


^ai,Tauuaijr, 

gradud^recovMTf^°Tn'^ti^^ lowest of the century and there was 
gradual recovery. In the inte^l behveen thii and now there 


have been reneatpH rlro, between then and now there 

the season of^ 1944-45 heS^ consequent severe losses, 

natdy &e Dosih^i« illustration of this point Unfortu- 

reason<!- thprp wac rendered more serious rhan usual for two 
authondes in some^fat°^^^ labor on the stations and the railway 
areas to more favored ^ i^ble to remove stock from drought 

brought about bv a mai because of an acute scarcity of trucks 

brought about by a coal shortage and by prior defense needs. 
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TABLE 1 


COUNT OP AUSTRALIAN SHEEP, 1899-1944 


Year 

Number 

Feor 

Number 

1899 

73,061,650 

1923 

81,035,356 

1900 

70,602,995 

1924 

87,669,331 

1901 

72,040,211 

1925 

96,343,098 

1902 

53,669,347 

1926 

102,960,694 

1903 

56,932,705 

1927 

100,743,316 

1904 

65,823,918 

1928 

103,307,460 

1905 

74,403,704 

1929 

104,455,026 

1906 

83,687,655 

1930 

110,366,302 

1907 

87,887,909 

1931 

110,597,106 

1908 

86,896,914 

1932 

112,906,067 

1909 

92,241,226 

1933 

109,891,241 

1911 

92,742,034 

1934 

112,146,477 

1912 

83,451,867 

1935 

108,863,052 

1913 

85,096,859 

1936 

110,154,301 

1914 

82,011,606 

1937 

113,043,274 

1915 

73,672,270 

1938 

110,477,167 

1916 

75,594,459 

1939 

118,817,782 

1917 

85,309,863 

1940 

122,655,067 

1918 

91,747,752 

1941 

125,562,570 

1919 

89,076,211 

1942 

124,175,839 

1920 

76,823,350 

1943 

123,029,916 

1921 

82,921,391 

1944 

105,068,740 

1922 

84,691,864 




Source Dalgety's Annual Wool Review, 1944'1945 


Table 1 reflects the seasonal vicissitudes to which the wool in- 
dustry IS subject, the decimating effects of disastrous droughts, the 
remarkable recuperative powers of the industry in favorable times, 
and a substantial increase in number over the full period of the 
comparison The point which calls for emphasis is that the increased 
production and extent of recuperation revealed have resulted princi- 
pally from the susta ined d evel opment of the sheep- by‘-means. of 
scientific m ethods While there were influences retarding progress 
in sheep breeding, such as the diversion of much sheep country to 
agricultural production by the spread of closer settlement and the 
cutting-up of large pioneering flocks, there have been equalizing in- 
fluences, sucli_as-jmpre)vements-m-carrying' capacity, .thc-tapping 
0 ^ artesiaii-Avatfi.iL5iUpplies,.^od.more-scientific.£eeding. 

Tjodiay, with the growth of other rural undertakings and the 
development of secondary production, wool is still the basic industry 
of the Commonwealtli It represents 41 per cent of the value of 
Australia’s total exports, and is the largest individual export item 
Australian sheep, while numbering less than one sixUi of the world’s 
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total sheep population, produce one quarter of the world's wool 
supply and one half of the world's fine merino wools 
Of the wool appraised in the Commonwealth during 1944-4S 76 
per cent consisted of merino wool and 24 per cent of crossbred 
wool These proportions compare with an average of 84 per cent 
merino and 16 per cent crossbred for the five years 1935-39. The 
average wool production for the five years 1940-44 reached a high of 
1,112,000,000 pounds, compared with ^6,000,000 pounds for the 
1935-39 period • • f 


South African Merino Sheep 

In 1724 the Dutch Government was in possession of the Cape 
Colony and was the first to import a few merino sheep This under- 
taking did not meet with much success After the Colonies were 
ceded to Great Britain the merino received an extensive trial in 
SouA Africa In the most favored districts around Port Elizabeth, 
Durban, and part of the Transvaal, the flocks were established, 
thrived, and produced a good quality of commercial wool During 
the years since 1900 some excellent flocks and breeding stocks have 
been established through importation from Australia, and in wool 
Africa compares favorably with other countries 
The sheep total of 1945 was estimated at 38,880,000 compared 
with an average of 39,900,000 durmg the years 1936-40 The wool 
production for the five years 1935-39 amounted to 250,000,000 
^unds, or approximately 6 per cent of the entire world production. 
Ihe bulk of the wool is of the fine merino type 


South American Merino Sheep 

early livestock husbandly in Argentina was confined ex- 
c usively to cattk raising The first sheep of Spanish blood were in- 
roduced from Peru in 1587 The first merino to come direct from 
pain to Argentina was brought to what is now Uruguay in 1794 
nis the same year that the first merino was brought to Aus- 
A 1 Uruguayan sheep were not as fortunate as the 

ustraliau They were soon lost without any appreciable effect on 
population of the country In the latter part of, the 
eig teenth century various lots of merinos were smuggled out of 
bpain by traders and taken to Buenos Aires These sheep were 
b^ly neglected and their descendants were miserably undersized 
ey did not produce good mutton or good wool. However, in 
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TABLE 2 

XUilBER OP SHEEP IX COUNTRIES HAVING 100,000 AND OVER, 
A\’ERAGES 1926-30 AND 1931-35, ANNUAL 193641 iUSJD^} 
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TABLE 2 


number op sheep in countries having 100,000 AND OVER 
AVERAGES 1926-30 AND 1931-35, ANNUAL i9Z&Ai— {Continued) 


Ceuntry 

Date or 
Month of 
Dilmale 

1 AteragtA 


1937 

1938 

1939 

1940 

mi 

tsia- 

so 

isat- 

ss 

t9S3 

AfUCX 

ElhlopU 

hlorocco 

Algena 

Ubui (Italian) 

'Hiniaia 

French Wcat Africa 

French Sudan 

Gold Coast 

Nigeria and British Cam- 
_ croons 

Egypt 

Anglo*ErypUan Sudan 

British Som^iland 

Italian finwmWand 

French Somaliland Coast 
Eritrea (Itahan) 

Kenya 

French Camcroun 

Uganda 

French Equatorial Africa 
Belgian Congo 

Ruanda Urundi 

Angola (Portugueso West 
Afnc^ 

Bri^ Southweat Africa 
Bechuanaland 

UmoD of South Africa 

Basutdaod 

jUodesiaSo^hern 

March 

Jan I 

September 

Mar 31 

June 

Jan 1 

Jan I 
August 

Jan 1 

Jan 1 


Thau- 

eandt 

IM 

8,021 

5,311 

641 

2,06) 

5,51) 

3,066 

616 

2,211 

1,363 

2,310 

2,600 

1,800 

350 

1,847 

3,240 

262 

044 

1,125 

312 

364 

100 

1,174 

176 

44,054 

1,884 

340 

Thou- 

land* 

0,261 

0,411 

63: 

3,2K 

6,416 

3,006 

01) 

1,942 

1,400 

2,600 

2,600 

363 

1,000 

3,265 

481 

1,061 

860 

333 

360 

170 

2,466 

30,821 

1,264 

312 


MBS 

Thou- 

tande 

1 — 

' 87 

2,31 

2,50( 

3,00( 

1,446 

3,462 

272 

38,400 

1,690 

311 

Thou- 

lands 

7 — 

0 — 

280 

41,000 

1,698 

Thou- 

lands 

Tanganjdka Territory 
Madagascar 

Jan 1 

131 

wm 

wm 


101 



— 

Estimated total 


03,800 

09,300 

— 

— 

— 


MB! 

IBJ 

Atabia 


3.600 

BPS 

— 

— 



■s 


Cyprus 



290 

■EIE 

299 

283 




Tbrkev 


11,863 

11,566 


16,^9 


18,968 

18,867 

18,905 

Iraq (Mesopotamia) 

Fcbruaiy 

4,660 

4,514 

4,783 

4,076 

6,614 



— 

Palestine 


240 

266 

— 



■ ■■■ 

■ - 

■ !■- 

Jkansjordan 


237 

220 

193 

189 


224 


1 

Iran 


16.277 

iDEiai 

13,615 






16,000 

Syna and Lebanon 

Jan 1 


2,289 

2,050 

2,195 

2,274 

2,129 


■ 

India 


38.488 

43,412 

EW :Wi 

42,169 

EEEH 


■ - ' 


China 


ETEa 

EK2u 

ivl Vi* 



- 1 1 


— 

Philippine Islands 

Jan 1 

126 

124 

HTcTi 

162 

165 

169 

■ ■■ 

■ - — 

Netherland India 


1.413 


1,337 

— 

— 

— — 

— 


Estimated total 


112,233 

117,107 

— 

— 

— 

— 

— 

— 

ocnaiaa 




=2^=5 S 

- = 


-II. - 



Australia 



111,417 

108,876 

jiiEai 

113,373 


jiSSai 


Neir Zealand 

April 

27,616 

28 703 

ESSiUl 

EsSjI 

32 370 


EEal 

31,752 

Estimated total 


130,000 

140,200 

— 

— 

— 


— 

— 

Total of (63) countries 










reporting all periods to 










1030 


370,770 

304,183 

)89,927 

197,043 

08,857 4 

11,329 


' 

Estimated worid total, in- 










dudingU S.S S. 


742000 

392 700 

■ 

■ ■ 

■■■ 

— — 

■ ■ -I 
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later years the sh eep of A rgentina and Uruguay hav e. been m uch 
im prave dr so-that .woof^” 

The sheep population "in Argentina in' 1*941 was 50,000,000, the 
production of grease wool 494,000,000 pounds; in Uruguay the 
sheep numbered 18,000,000, and the production of grease wool was 
117,000,000 pounds In both countries the percentage of merino 
wool IS approximately 10 per cent 

Development of American Sheep in the United States® " 

Sheep were not known to the American Indians The wool used 
by the colonists came from animals of imported stock The' first 
sheep were introduced into Virginia in 1608, into Massachusetts 
about 1630, and are reported to have been introduced into the other 
colonies soon after they were founded It is not definitely known 
]ust what was the breed of these first animals Unimproved English 
sheep seem to have been the most generally brought over Premi- 
ums were offered for the first full-blooded merino that was intro- 
duced into the colonies, which was as early as 1785 

The first two sheep of the merino type arrived in 1793 in Cam- 
bridge, Mass , and the owner, in his ignorance of their value, simply 
ate them The first full-blooded merino ram actually used for breed- 
ing purposes was brought from Spam by Messrs Du Pont de 
Nemours and Delessert in 1801 The next groups to come were 
those brought in by Robert Livingston and David Humphreys m 
1802 Both men were convinced that this breed of sheep might be 
introduced with great benefit to our country 

William Jarvis, American Consul to Portugal in 1809, seized the 
opportunity offered by the then current convulsions in Spain and 
by the lifting of the American embargo, to ship some 4000 sheep to 
the United States The shipments were begun in 1810, with other 
large importations following m 1811 Approximately 25,000 merino 
sheep had been secured in this penod The animals were distributed 
over nearly every state 

The acquisition of such a number of pure-blooded mermos laid 
the basis for substantial production of fine wool As a result of 
governmental assistance and the formation of agricultural societies, 
the animals spread westward with great rapidity, reaching Ohio and 
Kentucky 

Attempts to improve the quality of the wool were not limited to 
the merino During the early years of the century some of the long- 

*This subsection and tbe followmi; subsection on traes and breeds are from Mattbe^vs* 
Mauersberser, Tht TexttU Fibers, New York, John Wiley & Sons, Inc , 1947 
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woolcd v.irtttiot, such as Uic I.ciccsicr, were also mtroduced and 
spread diroiijih N’ew Jersey, Pennsylvania, and New York. Between 
1810 and 181 1 the numhi.r of sheep is esiunatcd to have increased 
from 7,000,000 to 10,000,000 head. During the depression from 
1S15 to 1820, which was especially disastrous to the production of 
fine fabrics, the merino breed encountered a setback 
With the beginning of the new decade a general improvement set 
m and another fino-wool mama started, not m Spanish merino, but 

UULtUlQ. This nn Pwn.fmor 

q\iahtvj^.auaol^iaa,ihe-Spaaisli. tnermo and, therefore, could be 
sold forhighcr prices Introduction in volume began m 1824 and 
ended m 1826 during which period 3300 sheep were brought m This 
Saxony merino did not spread so rapidly over the country, and on 
account of its small numbers its influence was not as great as that 
of the Spanish merino had been Still, the Saxony merino made 
a valuable contribution to the improvement of American wool. 

The best flocks of Spanish and Saxony merino sheep were con- 
centrated in Washington County, N. Y , Vermont in general, West 
Virginia, and around Steubenville, Ohio In 1830 the amount of 
wool produced was enough to supply the needs of all woolen mills 
at that time Wool growing developed rapidly in western Massa- 
chusetts, Vermont, and New York in the 1830s 
The first accurate figures available relative to the number of 
sheep are those for 1840, when the census reported 19,000,000 head 
The greatest center of sheep production was Vermont The Vermont 
sheep were notable for the heavy weight of fleece they produced. 
During the forties, there was a rapid shifting of the sheep industry 
from the East to the West By 1850 the center of the wool produc- 
tion was in Ohio, which had become the leading sheep-raising state 
in the Union The sheep farmers remaining in the East reduced 
their flocks and turned their attention to the production of mutton 
During the decade of 1850 to 1860 the westward movement con- 
tinued, but where the land was level and was easily cultivated the 
sheep industry was not able to compete with wheat, corn, cattle, and 
hogs Consequently, sheep raising as a pioneer industry rapidly 
passed across the level prairies to the Far West Sheep have per- 
sisted, however, to the present day on the rough or uneven lands of 
eastern Ohio and southern Michigan 
The first development of the industry in the Far West was in 
Texas and New Mexico and northward The sheep industry of 
New Mexico had been in existence since an early date As early as 
1700, sheep were driven from New Mexico to California In the 
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expansion of the western industry, New Mexico was drawn upon 
for much of the foundation stock, which has been gradually improved 
by the introduction of merino blood By 1860, there were many 
sheep in Texas and California 

The Navajo sheep in New Mexico are traced back to descendants 
of the unimproved Churro long-wool breed of Spain These sheep 
probably accompanied the Spanish explorer Coronado who landed 
in Mexico in 1504 The sheep were his fresh meat supply on his 
way through the Rio Grande country and up into the present state 
of New Mexico 

The origin of the present type of Navajo sheep is shrouded in 
mystery During the Navajo revolt m 1860 the sheep were almost 
entirely exterminated The War Department later gave a contract to 
a citizen of New Mexico to replace these sheep, but where he ob- 
tained the replacement is not definitely known. 

After 1870 there was a rapid expansion in the Far West, where 
free grazing could be obtained throughout the year This western 
expansion of the sheep industry contmued until most of the range 
country was overcrowded The maximum number of range sheep 
seems to have been reached in 1884, that year marks the high point 
of the industry for the United States as a whole, when the number 
of sheep reported was 50,627,000, exclusive of lambs 



•Excludes sheep and lambs on feed for market. 
Source U S Department of At[nculture. 
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By 1900 sheep raising in the East was largely confined to areas 
where, because of much rough land or soil conditions, most of the 
farm land was only usable for pasture, as in southwestern Michigan 
and parts of Iowa Since then the sheep industry has been subject 
to severe competition throughout the country In the East, dairying 
had continued to make inroads upon the sheep industry, and in liiose 
sections of the West where dry farming was important cattle had 
replaced sheep to a considerable extent 
From the early eighties on, the range operators realized that it 
was profitable to fatten sheep for the market This practice was 


TABLE 3 

SHEEP AND LAMBS NUMBER AND VALUE ON FARMS, 
UNITED STATES, JAN I, 1900-1944 



Sleek Sheep 



Year 

Jfutn- 

Farm Value 

Feeder 

Sheep, 

Bum- 

AU 

Sheep, 

Bum- 


btr 

Per 

Bead 

Total 

her 

her 


Then- 

eanie 

DeUart 

1000 

dedan 

Thou- 

eandt 

Thou- 

eanda 

tm* 

SB,$S8 







2 97 

134,046 


48,105 


46,126 

296 

136,336 

2,976 

49,101 


46,196 

262 

121,904 


49,236 


44,436 

2 62 

116,648 


47,636 


■ tlllTl 

2.55 

106.961 


46,468 



2 77 

111.962 

3.416 

43,825 


41,965 

351 

147,362 


45,625 



381 

165,371 


47,260 



3 87 

174 650 


48,195 



342 

161,192 

3,695 

50,793 

mo* 

S9,ff44 

— 

— 

— 


IMS 

46,939 

4 06 

190,673 


60,239 

1911 


383 

176,431 


50,565 

1912 

42,972 

3 42 

147,118 

4,925 

47,897 

1913 

40,544 

3 87 

156,949 


44,652 

igu 

38,059 

391 

148,745 


43,089 

1915 


4 39 

159,146 


40,513 

1916 



184,856 


40,010 

1917 


248,917 


38,886 

1918 

E 

1176 

431,679 

2,960 

39,661 

1919 

■< 

1149 

440,730 

3,616 

41,876 

MM* 

55,054 

— 


•! — 
3,415 

— 


37J28 

10.59 

395,235 

40,743 

1931 

35,426 

624 

224,454 


39,479 

1922 

33 365 

4 79 

159,839 

1 (3.557 

36,922 


Sleek Sheep 


Year 

Bum- 

Farm Value 

Feeder 

Sheep, 

Bum- 

AU 

Sheep, 

Bum- 


6er 

Per 

Head 

TeUd 

her 

her 


Thou- 

tandt 

Dottare 

1000 

doUare 

Theu- 

eande 

Thau- 

eandi 

1923 

32,697 

760 

244.452 

4,206 

36,803 

1924 

32,869 

794 


4,280 

37,139 

im* 

3SAB0 

— * 



1925 

34,469 

903 

331,971 

KXilfl 

38,543 

1926 

35 719 

10 53 

370,134 

4,644 

40,363 

1927 


9 79 

372,784 

4,348 

42,416 

1928 

MrnTrB 


421,682 

4,669 

46 258 

1929 



465,609 

4,900 

48,381 

1930* 

jiyTuB 

— 






900 

410,290 

6.988 

51,565 

1931 


5 40 

257,742 

6,613 

63,233 

1932 

47,682 

3 44 

164,246 

6,220 

63,902 

1933 

47,303 

291 

137,671 

6,751 

63,054 

1934 

48,244 

3 77 

181,718 

5,259 

53,503 

1935* 

48 ,ssa 

— * 




1935 

46,139 

433 

199,705 

6,669 

61,808 

(MS 

45,386 

6.35 

287,985 

5,701 

51,087 

1937 

45.422 

602 

273,610 

5,597 

51,019 

1938 

45,119 

613 

276.671 

6.091 

51,210 

1939 


6 76 

262,643 

5,885 

61,595 

1940* 

40,129 

-i* 




1940 

46,558 

6J5 

295,763 

5,841 

52,399 

1941 

■ ''ml 

6 78 

323,999 

6,479 

51,283 



8 66 

431,542 

6,928 

56,735 

1943 

1 

9 69 

472,792 

6,979 

55,n5 

1944 f 

45,777 

870 

398,101 

5,941 

51,718 


Source U S Agricultural Marketing Service 
, * Italic figures are from the census Census dates were June 1, 1900, Apr 15. 1910 
Jan 1, 1920 and 1925, Apr 1, 1930, Jan 1, 1935, Apr 1, 1940 1900, 1910, 1930, aa< 
1940 exclude spring bom Iambs 
t Preliminary. 
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encouraged greatly by the development of great packing centers in 
the upper Mississippi Valley The Far West was shipping sheep to 
these packing centers It soon became evident that it was profitable 
to give some of these animals “a better finish’* before they were 
slaughtered The increased demand for mutton caused the wool 
growers to develop sheep which yielded good mutton as well as 
good wool 

The development of the United States sheep industry since its 
peak year 1884 is best illustrated by Fig 3 and Table 3 

TYPES AND BREEDS OF SHEEP 

The domestic sheep is cultivated in every country of the world, 
and therefore numerous varieties are produced in the various coim- 
tries Today, there are several hundred different types, which vary 
considerably in appearance and in the character of the wool they 
produce The mam causes of the numerous varieties are * different 
conditions of soil, climate, pasturage, crossbreeding, and changing 
demands on the part of the wool manufacturers 

Figure 4 shows the general pedigree of the domestic sheep and its 
development into the various types Practically all fleece wools can 
be classified into the five general types fine-_wQol.,medi um . wool, 
^ong wool, cr ossb red, wqol..,ai?di:aipet,pjC mixed^wjool The breed of 
the sheep influences the character of the wool grown and governs to 
a large extent the diameter and the lengths of the fibers Other 
points, %ticli,as^ngth^,lusier,„^^^^ cojor, and shnnkage, vary 
c pnsiderablv' accoHmg.ta b^pe,d In the diagram are listed only the 
breeds that played a more or less important part in the development 
of American sheep husbandry In addition to them are the breeds 
that supply the domestic market with the additional raw material 

needed 

There are approximately thirty breeds of improved sheep that 

TABLE 4 

BREEDS PREVALENT IN UNITED STATES 

Menno 
Rambouillet 
Southdov/n 
Hampshire 
Shropshire 
Dorset 
Cheviot 


Oxford 

Suffolk _ 

Columbia 

Comedale 

Cotswold 

Leicester 

Lincoln 


Romney Marsh 

Black-faced Highland 

Tunis 

Karakul 

R> eland 

Romeldale 
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have been brought to fixed t 3 ^es as adapted to the needs of their 
native countries Of these breeds, thirteen are well established in 
the United States and a number of others are gaming in popularity 
The United States census enumerations of 1930 include eighteen 
breeds of sheep in the tabulations of purebred livestock (see Table 
4) All of these eighteen breeds are represented m the area cov- 
ered bv Ohio, West Virginia, and Pennsylvania 



Fig S Sheep and lambs over 6 months old On April 1, 1940 there were 
8,448,000 sheep in Texas, more than in Wyoming, Montana and Ohio combmed 


Types of Sheep 

The term "type” as applied to sheep is used in various ways In 
the diagram giving the general pedigree of the domestic sheep the 
five types classify the breeds according to the type of wool they 
grow ,The two mam fiber charartprijUriPQ on whi elrThie^elaasifisatlP^ 
js..baaedLars-fi^eness_.an( Oength <^ The breed of the sheep influences 
the character^f^iifswool It governs to a large extent the lengw 
and diameter of the fibers, and also other physical properties mak- 
ing up the "quality of the wool fiber,” syeh-as-stt fflg^ t elasticity) 
slm mkage. color, luster, and wavmess. . 

' In thesame way as the breed intluences the character of the woo* 
it must be borne m mind that the quality of the meat is affected 
just as much Therefore, the sheep are also divided into the "mut- 
ton type" and the "wool type” Breeds developed primarily 
lamb and mutton are grouped under the mutton type, and those 
developed especially for wool belong under the wool type Whereas 
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the improvement of the fleeces of sheep by selection and breeding 
nas been practiced for centuries, the development of the mutton 
Dreeds was started less than 200 years ago A few breeds are 
dual types developed for both mutton and v/ool 
In Table S W. V. Henning apphes the two classifications to the 
diost important breeds found in Ae United States. 


TABLE 5 

CLASSIFICATION OF TYPES OF BREEDS 


Mam Types Svb-Typea 


Mutton type Medium wools 


Breeds 

1 Shropshire 

2 Hampshire 

3 Dorset Horn 

4 Southdown 

5 Cheviot 

6 Oxford Down 
7. Suffolk 

I 8 Tunis 

9 Comedale 
10 Ryeland 

II Columbia 

12 Panama 

13 Romeldalc 


Mutton type Long wools 


14 Lincoln 

15 Cotsnold 

16 Leicester 

17 Romnwr Marsh 

18 Black'f^cd Highbnd 


Wool type Fine ivools 


Source. Circular U6, Pa. Sute College (1914) 


19. Menno 

Class A 
Class D 
Class C 

20. RambouiUct 

Class B 
Class C 

!21. Tasnnnun ircrino 
22 .\i.3lralian ii-cxiio 


In describing the five types of breeds according to ihc >ooI — 
jSlMnedium, lon p-, nntLcar f.'t.i— m general term;, it a.uit 

fCmemb'ereH' that caditype group* togctai.r ni>'i.crou-. 3 
carrying fleeces which differ widely in s«n.c of the pr»,pcrt cs 
IJff up Uie '^quality** of the wool. Under c^cJi -v** 

*- riiaractenstic breeds are briefly desenbed. 


breeds 
■rak- 
e of 
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Only t ha-mprino breeds _ prQduce fleeces j whicfa can be classified 
under this type. The principalmerind "families of today are the 
Spanish. Rambomllet-for ^ench). Saxony.J5ile5iaii. Australian. 


American. ■Sbuth,A merican «.and--SaS8i.A^ 

American Merino The varied experiences the merino has had 
to go through have steadily molded this breed into types suited 
to a great variety of conditions Within &e merino breed the skin 
folds on the animal show wide vanation Some individuals are 


covered almost entirely over the body and neck with these folds, 
whereas some have only a moderate development, and others are 
almost free of them This made it advisable to recognize and estab- 
lish three different body types for show ring purposes, depending 
upon the extent of development of the folds. Types A, B, and C 
were thus set up, the type A embracing those individuals most 
heavily folded, the type C the smoothest ones While the type A 
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merino undoubtedly served a useful purpose m years gone by in 
mcreasing the fleece weights of the breed, its usefulness is appar- 
ently at an end here and it is rapidly disappearing. Even the type B is 
fast losing its popularity The density of fleece on the heavily folded 
types has been bred into the present type C and it has been found 
that the smooth sheep are more practical for the grower 
American merino rams range m weight from 140 to 225 pounds, 
and ewes from 80 to ISO pounds The Rambouillet is much larger 
having a better mutton form The rams range from 200 to 275 
pounds and ewes from 130 to 170 pounds Rams of both breeds 
usually have spiral horns and the ewes have none. 



Fig 9 American champtoa "C" type Rambouillet ewe 
Courtesy University of Wyomuig. 


There is not much difference in size of the American 
breeds and the Australian and Argentinian breeds, as seen 
Table 6. The table showing the main characteristics of fine 
type breeds and also the o&er tables covering medium wool, w » 
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tig. 10 Southdown ram Courtesy U S Dept of Agrtculture 


TABLE 6 


CHARACTERISTICS OF FINE WOOL TYPE BREEDS 


Country 

Srted 

Body Weight 
(poundt) 

TTnyU per 
FUta Ifoundr) 

Qradt 


m 

Sam 

Evc! 

Ram 

Bxm 

Australia 

Fine wool menno 
Medium wool iqcrino 
Strang wool menno 

130 to 170 
160 to 200 
200 to 260 

B 

14 to 20 
18 to 28 
22 to 34 

OtolO 
8tol4 
16 to 18 

H 

3Kto4 

3 to 4 
3to6 

40 to 60 
46 to 66 
60 to 68 

United 

States 

Type A menno 

TmB menno 
type C menno 
BmbouIUef 


86 to 136 
00 to 140 
90 to 160 
130 to 170 

B 

■ 

jois to 803 

64s to 803 
683 to 703 

mto2 


Aigentina 

Type A merino 

Type B mcrii .0 

Type 0 merino 

132 to 165 
166 to 176 
155 to 200 

■ 

25 to 36 
22 to 31 
18 to 27 

0to22 
0tol8 
9 to 16 

603 to 64s 

iKtoa 

2to2M 

SHtaSH 

66 

60 

66 

France 

Rambouillet 1927 

186 

100 

26 

13 

64s to 70s 

2Hto3H 



Source Tables 5, 6, 7, and 8 are compiled from various sources. 
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wool, and crossbred breeds refer to major animals of pure breeding, 
2 to 4 years old, in excellent condition, and in twelve-month fleece 
No attempt has been made to include in the data those rare indi- 
viduals attaining very unusual size or producing extraordinarily 
heavy fleeces, TaWe 6 indicates the normal weight ranges to be 
expected under conditions set forth above A breetL of-^haePJaay 
^na_certam_^agg^M j^d,,p^id^ 

an^^^ection^i0^t%^coiintryj|^b^ 
anom^^proauce more^wool or less, dependmg on its adaptation 
^ ErfgecC ..clma'fe. andrrotBer'!*‘loc^ 'coQditipns"' Furthermore^ there 
Sre strains dr families within each breed possessing the propensity 
for size or the lack of it and for heavier or lighter fleece weights, 
and, finally, some of the breeds whose fleece weights may seem low 
have such light-shrinking wool that the clean fiber content may 
make them fully comparable to others whose fleece weights seem 
high 

Medium Wool Breeds 

By far the largest percentage of medium wool is produced by 
breeds that originated in Great Britain. The followmg breeds are 



Figr 11 Shropshire yearhng ram Courtesy. U S Dept of Agrtcult^ff 
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included m the medium-wool class* Southdown, Shropshire, Hamp- 
shire, Oxford, Suffolk, Dorset, Cheviot, Ryeland, and Tunis. The 
first five are collectively referred to as "down” breeds, because of 
the nature of the country in which they were developed — ranges of 
hills or "downs" in southern England. The "down” breeds have all 



Fig 12 Aged Hampshire ram Courtesy U S Dept of Agriculture 


been bred primarily for mutton, with special emphasis upon some 
useful character considered necessary for the style of farming and 
the markets of the various counties or "shires,” from which most of 
the breeds take their names 

T he face aj Ld. jegxoloiLgi §lLteiLbtyedsJs some„shade pf^brown 
ojCa^blaelciSllandthie fleece occupies a middle position between the 
length and coarseness of the long wools and the extreme fineness 
and density of the fine wools While there are breed variations in 
fineness, length, and density, the fleece is always close and dry 
enough to furnish excellent protection 

Dorset Horn The Dorset is of the medium-wool type but is not 
a down breed Both rams and ewes have horns and the faces and 
legs are white It is &e only common medium-wool breed in the 



88 


American Wool Handbook 



Fig 13 Oxford ram Courtesy U S Dept of Agriculture 



Fig 14 Dorset ram Courtesy U S Dept of Agriculture, 
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United Statcb that has liorns 'I lie native home of the Dorset horn is 
in the counties of Dorset and Somerset in soulh-eential England 

C/uviot The Cheviot posiesses the characteristics of hill or 
mountain breeds, it is very active and alert, which indicates that it 
IS Well adapted to gra'ing over rough and rugged counlr>. It is a 
native of the Cheviot Hills, which form about 30 miles of the 
border couiiir} between Engl.ind and Scotland The wool is noted 
for Its use III tweeds 



Fig IS. Cheviot ram Courtesy U S Dept of Agriculture 


Most of the down sheep are today found all over the world, 
because they can be fattened for the meat market better than any 
other sheep Southdown and Shropshire rams are sold to Aus- 
tralia, New Zealand, Argentina, Chile, Peru, the West Indies, the 
United States, Canada, Kenya, the Scandinavian countries, Japan, 
and China In the United States over SO per cent of all breeds are 
down sheep. 
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TABLE 7 

CHARACTERISTICS OP MEDIUM WOOL TYPE BREEDS 


Breed 

Body Weight 
(pounds) 

Wool Weight Per 
Fleece (pounds) 

Grade 

Length 

(inches) 

Shrink^ 

age 

(per 

cent) 

Ham 

Eive 

Ram 

Ewe 

Souihdonn 

140 to 180 

90 to 140 

5 to 8 

4 to 7 

56s to 603 

2 

45 to 56 

Shropshire 

ISO to 225 

120 to 170 

6 to 10 

5 to 9 

48s to 563 

2 14 to 3 


Hampshire 

170 to 275 

135 to 200 

5 too 

4 to 8 

483 to 563 

2H 


SofTolk 

225 to 300 

165 to 225 

6 to 9 

5 to 7 

483 to 56s 

2 to ZK 

38 to SO 

Oxford 

250 to 325 

180 to 250 

12 to IS 

10 to 12 

463 to 503 

3 to 1 


Dorset Horo 

150 to 225 

125 to 150 

6 to 9 

4 to 7 

483 to 56s 

214 to3 


Cheviot 

150 to 200 

115 to 150 

7 to 10 

6 to 8 

48s to 563 

4 

35 


Long Wool Breeds 

The long-wool breeds — Lincoln, Cotswold, Leicester, and Rom- 
ney Marsh — bred chiefly for mutton, are the largest sheep of all 
breeds All of them are large-framed, square-bodied sheep, with 
very broad backs Their fleeces are open or loose, as compared 
with the fine wools and medium wools, and are coarser and very 
long As their size indicates, the breeds of this class have been 



Fig 16 Lincoln ram. Courtesy U S Dept of Agriculture 
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developed for level lands, where feed can be obtained without much 
travel With proper attention they will thrive upon lands that 
are too low and wet for the breeds of the medium-wool class 
(though the keeping of any sheep on marshy ground is not advised) 
The long-wool sheep have been found to thnve in regions of 
excessive rainfall because the long wool carries the water off the 
body 

Lincoln This breed, the largest of all sheep, originated in Lin- 
colnshire, the low country on the east coast of England. The face 
and legs are white witii the exception of the hoofs and the skin 
at the lip and nostrils. 

The wool covers the body in broad locks with a characteristic curl 
on the outer end It forms a tuft on the forehead, but does not 
extend over the top of the head above the eyes The Lincoln leads 
the mutton breeds in length of wool In the United States its 
distribution is limited to Oregon and to the Mountain States, where 
over 80 per cent of all Lincolns are bred The breed is very popular 
m Argentina, Australia, New Zealand, and Canada 

Cotswold The typical Cotswold is a big-bodied, rather tall sheep 



Fig 17 Cotswold ram Courtesy U S Dept of Agriculture 
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of stylish appearance Its native home is the Cotswolds, a hilly area 
of Gloucester, England The Cotswold sheep resembles the English 
Leicester The face, ears, and legs are white, or white mixed wiA 
a little brown The wool extends up over the poll and hangs in 
rmglets of various lengths over the face All over the body the 
V w'ool hangs in wavy rmglets 10 to 14 inches long that do not show 
’"'in the same way on any other breed, with the exception of the 
Angora goat; one fleece will shear from 10 to 14 pounds. 
shnnhagejg.lo^y Jjeca use therejs no excess of gre^e. aniLthe jiual ity 
>. jijcoar>se,.gT§idiijng usual^^6raic£’'^The Cotswolds are most popular 
m Oregon and the Mountain States 

Leicester. The breed commonly known as Leicester is divided 
mto English-Leicester and Border-Leicester. The EngUsh-Leicester 
is well covered with wool at the crowm of the head, similar to the 
Cotswold, w'hereas the head of the Border-Leicester is bare of wool 
In the United States and in C^ada breeders have mixed Cots- 
vvolds and Leicesters 



Fig: 18 Somaey ram o£ New Zealand. 
Courtesy . J F Wilson, Unto, of Ccdifomui 







Shelp Breeds — Sheep Raising 


93 


Romney The Romney, which originated in the plain of southeast- 
ern England, is popular in Oregon, Washington, and California and 
is widely distributed in South America, Australia, and New Zea- 
land. The wool IS not as long nor as lustrous as Cotswold or Lincoln, 
but is denser and finer, grading low quarter-blood to quarter-blood 
Rams range in weight from 225 to 250 pounds and ewes from 175 
to 200 pounds Shrinkage is 20 to 35 per cent 

TABLE 8 


CHARACTERISTICS OB LONG WOOL TYPE BREEDS 


Couniry 

Brttd 

Body WafflU 
(pauiu/i) 

IFflol Wetgil per 
FUtci (poundt) 


LenalA 

liiuXet) 

Shnnt- 

ayi 

(percent) 

Bam 

But 

Bam 

But 

UniUil 

Lincoln 

300 to 350 

200 to 250 

18 to 22 

12 to 10 

38s to 46s 

8tol2 


States 

Cotswold 

250 to 276 

200 to 250 

14 to 20 

10 to 12 

36s to 40s 

10 to 11 

20 to 36 


Leicester 









(Englisli) 

225 to 250 

175 to 200 

10 to 15 

0tol2 

403 to 48s 



Kew Zealand 

Bgi 

225 to 250 

ISO to 100 

22 to 20 

10 to 13 

44s to SOs 

5tod 

25 to 30 


Crossbred Wool Breeds 

T he crpssbred breeds produce medium-fine wool and are, there- 
foreT^aJtMZ^siiSed, witluTlwrnifediuTmrVOoC&ee^^^ Tfie K^eeds 
representing these groups were developed m the last fifty years by 
crossmg---merino^Qr, Rarabpuillet .yrith , long,jyogl..5heep In the 
United States, the following breeds were developed by crossbreed- 
ing the Columbia, Panama, and Romeldale 
CorrtedaJe The Cornedale, which is the oldest of this class of 
sheep, has been developed in New Zealand since 1880 Lincoln 
rams were crossed with merino ewes, and, after close culling 
toward the desired type, the half-breeds were mated The type is 
practically intermediate with the Lincoln and the merino, being 
smaller and less heavily fleshed than the Lincoln and larger and 
more heavily fleshed than the merino The fleece possesses much 
of the fineness and softness found in the merino, but with much 
greater lengths than occur in the same grades with other fleeces 
This bleed is most valuable where sheep are bred equally for 
lambs and wool under range conditions The face, ears, and legs are 
white, and in other breed characteristics it is similar to the -two 
amalgamated parental breeds The fleece obtains a length of 3 to 4 
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Fig 19 Champion Corriedale ram Courtesy Univ, of Wyoming 
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inches and weighs from 10 to 12 pounds The quality grades are 
quarter-, three-eighths-, and one-half blood, and shrinkage is less 
than in most other wools of similar quality. The breed is increas- 
ing in popularity in the western ranges and is most common in 
Wyoming,^ Calif ornia, and Oregon 

Columbia The Columbia is a crossbreed of Lincoln rams and 
Rambouillet ewes developed by the Bureau of Animal Husbandry, 
United States Department of Agriculture The development work 
was begun in 1912 at Laramie, Wyo , and since 1917 has been con- 
tinued at the Umted States Sjieep Experiment Station, Dubois, 
Idaho The purpose of this work was to develop a crossbred sheep 
suitable to western range conditions that would breed true to type. 

The Columbia is a large, vigorous, and heavy-boned animal with 
rather long legs Ewes average about 135 pounds and rams up to 
275 pounds under normal range conditions Columbia ewes are 
very prolific They consistently yield long-stapled fleeces of three- 
eighths- or quarter-blood quality During a three-year period the 
fleece weights of mature Columbia ewes, under strict range condi- 
tions, averaged 11 27 pounds For the same period 75 74 per cent 
of the ewes each produced and weaned one lamb annually These 
lambs averaged 78 02 pounds in weight at weaning time. 

Panama The Panama is similar to the Columbia breed It was 
started in 1912 by James Laidlaw of Muldoon, Idaho In this case, 
Rambouillet rams were bred to Lincoln ewes 

Romeldale This breed was developed by the Spencer Ranch 
Company of Cranmore, Calif , by mating Romney rams with Ram- 
bouillet ewes Through careful selection of the crossbreeds in all 
these cases a type of sheep has been introduced which is about half- 
way between the two parental breeds 

Polwarth The Polwarth originated m 1880 m Victoria and Tas- 
mania from pure Australasian merino mated with a pure Lincoln. In 
Australia they are known as “comeback’’ sheep The Polwarth pro- 
duces even quality, high yielding w'ool, about 58s grade .and 1 to 
6 inches long The breed is considered a valuable animal by Argen- 
tina breeders for their country. 
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TABLE 9 

CHARACTERISTICS OF CROSSBRED WOOL TYPE BREEDS 


Country 

Breed 

Body Weight 
(poundi) 

IKeoJ Weight per 
Plttee (jieunai) 

Grade 

Length 

(ttum) 

Slnnl- 

age 

(percent) 



Ram 

Bice 

Ram 

Bice 


Cornedale 

Columbia 

Panama 

Romeldale 

Tarabec 

Tbribble 

Cross 

150 to 250 
175 to 275 
200 to 275 
175 to 225 
200 

200 

126 to 146 
13510 155 
146 to 160 
116 to 160 
130 

150 

15 to 19 
15 to 20 
10 

12 to 17 

IS 

10 to 12 
10 to 12 
10 to 12 

8 to 11 
11 

10 

SOetoOOs 
50a to 563 
503 to 583 
SBa to OOs 
68s to OOs 
663 to SSs 

3to4 

3to3H 

3Hto4 

3 

3 

45 to 56 
50 

45 to 50 
40 to 45 
45 

45 

Austraha 

Cornedale 

Pol worth 

175 to 275 
125 to 175 

130 to 160 
no to 125 

17 to 26 
12 to 18 

10 to 11 
8tol0 

48s to 56s 
SOs to 61s 

4to7 

4 to 6 

35 to 40 
30 to 35 

Now Zealand 

Cornedale 

175 to 250 

125 to 150 

18 to 24 

10 to 14 

50s to SSs 

4to6 

30 to 40 


Carpet or Mixed Wools 



carpet wool comes from the Asiatic countries, and the preponder- 
ance of the sheep from which these wools come are of the fat' 
tailed and broad-tailed varieties, although some carpet wool is pro* 
duced by sheep of the thm-tailed varieties 

he merino sheep has left its imprint on nearly all the European* 
countries, North and South America, Australia, and South Africa 
in Asia It has made but little progress, for here the prevailing sheep 
IS quite a different animal carrying a distinct type of fleece 
j ^ migrated across and deserts in the sunuaer 

and through barren wastes in the winters, such features as fat tail» 
broad tail, fat rumps, long legs, and big horns were developed Fat- 
tailed sheep are found in desert regions, where they have to live on 
little food during certain periods and are able to survive on the 
store of fat carried in their tails 

Fat-rumped sheep grow two lumps of fat, one on each buttock, 
but they have very short tails, which m some cases do not exceed 
3 inches in length These animals often weigh 200 pounds each 
and have from 30 to 40 pounds of fat Long-legged sheep live pn 
the lowlands Their length of leg enables them to cross marshy 
ground with speed and ease 

Thgj\r£ioLgrown,^)5„thc5e»’SheepiasxompQS£d,o£„a,.mixtui'je,.a lonS 
hauguQ^eit' coaLprotecting -the^finer under p o R t-.aLtrue^wDQLjybtcg-v" 
--Jce6ps--th.e^anm^^warni This type of fleece protects the sheep 
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against low temperatures, high winds, and extremes m moisture 
ranging from extreme dryness to excessive ram and fog 

Representative of the Asiatic breeds producing carpet wools are 
the Somali, fat-rumped, Hirrik, and Sikkim Bera breeds, for which 
the following descriptions are given. 

Fat~Rumped This breed and its several sub-breeds or local 
breeds are an “Asiatic” type which ranges from the Black Sea and 
the confines of Europe, throughout central Asia, and through the 
greater part of China and Siberia Enormous flocks are kept by 
nomad Kirghiz, Kalmuks, and Mongols In Siberia they are largely 
bred by Russians In China the fat-rumped sheep appears to be 
almost the indigenous domesticated breed of sheep Some flocks 
include 10,000 to as many as 15,000 head In many districts the 
breed is not pure but has been crossed with sheep of other kinds, so 
there is great variation in the amount of fat on the rump and in 



Fig 21 Arabian fat-tailed sheep — Iraki or Hirrik 
Courtesy Cahfornta Wool Growers Assoctaiton 
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^%hiz^teDDe^^tn Tatari^ breed, which extends from the 
the erouDs Siberia, is a typical representative of 

pr^*ucmg° c/rn^f V breed is not only one of the best examples 
-Arabian fheeD^familv° / representative of the^ 

tailed erouD whh t\Z hornless and belongs to "the fat-* 

wool IS ouife lono- atiH “ shape The coarse 

head ea?s ""k extends over the top of skull The 

o^moSed m coW with some exceptions that are black 

of wool ner vear a^rage 4_54 pounds and ewes 3 pounds 

S^rLrPaSne ^^-p sup/ly the 

of'^ndlr Anvis ^ ^ native of Sikkim, a native state 

feet A ram hLTan altitude of 18,000 

length of 3 ft in f height of 2 ft 6 in and an average 

length of 3 ft 6 in from base of horns to root of tail The wool is 

; ‘ 

!■ . ^ -"f w 
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p mountain sheep 

tourtesy. Eavenson & Levenng Co. 
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very coarse and ashy Annual shearing is from 2 to 4 pounds 
When left to natural grazing, 60 to 70 pounds of meat is obtained 
from a ram Ewes measure slightly less and give less wool 

In addition to these Asiatic breeds, there are a number of Euro- 
pean breeds producing carpet types of wool. The best known belong 
to thjLJBntish-mountam-sheep-'Such'aS' the«ScQttish„blackface and 
Welsh mniinhiin.^ 

Scotch Blackface The Scotch blackface is a well-known moun- 
tain sheep of Scotland This breed extends from the Grampians to 
Pentland Firth, to the Hebrides, the Shetlands, and the Orkneys, 
and to the heathery moors of Yorkshire and Lancashire in England 
These sheep are wild, extremely hardy, and impatient of restraint , 
the ewes make good mothers The breed is medium-sized, it 
matures quickly and responds quickly to a favorable habitat 
Crossed with Border-Leicester, these sheep produce excellent market 
lambs T heir wool is. lon g,.. strong., d_ura ble.,andjelastic-.-.it iSarmuch 
used in carDeL .^iaLmg They have a fine carnage The Scotch 
btacktace is horned, has a bare face, a long hairy mottled black-and- 
white fleece, and bare legs Shrinkage is 30 per cent. 

Welsh Mountain The Welsh mountain sheep is a small active 
animal which has a fleece of rather poor wool seldom^ exceeding 2 
pounds m weight The small carcass of this animal is very solid 
and forms a notable type of mutton These sheep have tan-colored 
faces which are taken as an indication of their hardy constitutions 
They are good climbers and cannot be restricted by walls and fences 
The rams have horns, but the ewes are hornless Several attempts 
have been made to improve the breed by Southdown influence, but 
they have not proved very successful, although Wiltshire rams make 
a suitable cross These sheep have to be sheared early in the sum- 
mer as Aey tend to shed their fleeces in the warmer weather Cer- 
tain flocks of black Welsh mountara sheep are maintained to supply 
wool for tlie Welsh flannel trade 

The Navajo In the United States the only sheep producing 
carpet wools are the Navajo sheep The sheep is quite small The 
rams of the flocks supervised by the United States Department 
of Agriculture weigh between 135 and 185 pounds and the ewes 
between 75 and 150 pounds The ram fleeces range in weight from 
5 to 9 pounds and the ewe fleeces from 3 to 6 pounds, yielding from 
65 to 70 per cent clean wool The fleeces are composed of an under- 
coat of true wool fibers from 3 to 7 inches long and an outer coat 




of the^undeicoarrangS Lom^6o"to percentage 

other unimDrovpd wnnic. common with 

kemp and oVr medullate?fibe““* 





The nearly 50,000 Na- 
vajo Indians make their 
home in a reservation 
area of about 16,000,- 
000 acres in northeast- 
ern Arizona, northwest- 
ern New Mexico, and 
southern Utah, and 
their main occupation is 
sheep raising The num- 
ber of mature sheep and 
goats on the reservation 
IS about 550,000 head ' 
Approximately 750,000 
pounds of wool, or 
about one fourth of the 
total annual production 
on the reservation, is 
woven by the women 
into blankets and rugs 
In 1939 not more than 
5 per cent of the wool 
produced was of the 
Navaj'o type 


SHEEP RAISING 

where they fori^°he sin!?f raised either on large ranches, 

connection with dairy or profit, or on small farms in 

,>ng method in Austilm f°"“er is the prevail- 

'States, while the latter America, and the western United 

, yvmic me laiter prevails m nr ,ji_ 


'States, while the ktVer ^ro^'^V'’" and the western United 

„ . > m such regions as the Middle West, 

*d bv addition, large numbeis of 

-a Dy primitive metbnHc ,r, . 


.s4 are^eyb^pStiSoi" >3^00.' b^geVuSbers of 
In the United States sheep are raised either on small farms or on 
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large ranches The 100th meridian may be taken more or less as 
the border line between the two methods of sheep raising From 
the 100th meridian east, sheep raising is conducted on a small flock 
basis , westward the range sheep in flocks of thousands are the pre- 
vailing type ^ 

Eastern-Farm Sheep Raising n'VAI 

The average farm flock vanes in size from twenty-five to fifty 
ewes Flocks of less than twenty ewes are uneconomical from the 
standpoint of the caretaker’s time and the investment in rams and 
equipment Sheep raising does not reauire jextensiYe^eQuiPment .or 
heavy labor bm it^dQ £S..reqiiire^contmuous^attention The sheep will 
eat ninety out of every 100 kinds of plants that grow, which makes 
them valuable in cleaning fence land, road shoulders, and weeds in 
general At the existing wool pnces, the wool returns will pay for 
the keep of the ewes, leaving the money received for lambs as profit 
Most ,of Jthe^sheep, farms, are found -in chilly or rough areas where 
the .lan jd'^s ui ^iii ta ble. , fox,, o the&^agneul tural enterprises In the 
farm floclTsfafes’nearly all of the main breeds are raised, but vary 
as to location and particular type of sheep raising conducted in the 
locality Growing of the medium wool type or mutton sheep pre- 
vails Most of the farms are enclosed with fences and adequate 
shelter is provided In Pennsylvania, New York, West Virginia, 
Michigan, and especially Ohio, numbers of fine wool sheep are 
raised 

The problems the sheep farmer encounters vary according to 
state and location, but there are some of a general nature The most 
troublesome is the loss encountered from sheep-killmg dogs That 
this IS a very acute problem is proven by the fact that in some Michi- 
gan counties it has been necessary to appoint special county dog 
wardens 

There are three classes of sheepmen m the farm flock states 
(1) those who keep purebred flocks to supply purebred breedmg 
stock , (2) those who keep commercial flocks or raise lambs for the 
market, and (3) those who are classified as commercial feeders 

Special care and attention is given to proper breeding which is 
most important for producing even wool as well as good lambs A 
careful farmer will only use purebred rams and it seems best to use 
vne ram to every twenty-five to thirty ewes 

Western-Range Sheep Raising 

In the western states where the range sheep are raised, no stand- 
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wd or uniform method is followed in the management of sheep 
The range country varies greatly m soil, topography, climate, and 
vegetation The range may be a desert like the Red Desert section 
m Wyoming, or the level or rolling plains type, or the foothill or 
mountain type The range feed may consist mostly of grass or of a 
variety of wood plants, shrubs, or small trees known as “browse" 
Most ranges have good and poor grazing periods as the result of 
dimatic conditions such as wet and dry or hot and cold seasons. 
Different systems of range management are necessary in the three 
natural divisions of the range states, the southwestern, central, and 
northwestern areas 

In the southwestern area, the sheep are generally ranged the year 
around In some irrigated sections of Arizona and California the 
ewes are lambed early m the fall or early winter for the purpose of 
producing early sprmg lambs for the market In the central range 
areas such as Wyoming and Utah, the sheep are moved to higher 
altitudes in the mountains in the summer and brought back to the 
lower ranges in the winter The winter range consists of low plains 
that are so poorly watered that they can only be utilized when stock 
water is available in form of snow The plants growing on these 
plains mature into cured feed during the winter In the north* 
western area only a small proportion of the sheep are ranged the 
year around which makes it necessary, generally, to use a com* 
bination of range and ranch The sheep graze on the sagebrush 
plains of the public domains in the spring, in the mountains and 
forests during the summer, and on leased or private grazing lands 
during the fall and winter In this region there are two systems 
of management, early lambing in sheds, and late lambing on the 
spring r^ge The best ranges are the ones with sufficient differences 
1 ^ furnish fresh feed during the summer as the sheep 
follow the snow line upwards 

The prevailing breeds in the range country are the merino a*id 
the Rainbouillet The flocking instinct is a necessity in sheep tha 
are to be herded m large bands over a vast expanse of open 
rountry, and this instinct is characteristic of the fine-wool breeds 
Only sheep that are strong and rugged and have enough vigor are 
able to survive the long hard trails that they have to follow m a 
ye^ s course to gather their feed In addition, they have to carrt 
sufficnent fleece to furnish protection against storms and co 
weather In earlier days the merino was the universal range sheep 
but the Rambouillet or French mermo, which was especially selecte 
for and developed in the West, has replaced it today. 
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rnny.!5f abundant the mutton-type sheep has gamed 

much^hSii^ ground, because the return on the lambs is normally 
akn Corriedales are the favorite breed , 

PvfAnf / "®™Pfh>re and the Suffolk rams are used to an increasin'^ 
extent for breeding. ° 

Herding Sheep on the Range 

How many sheep will graze satisfactorily together depends en- 
niic ^'Tk character of the range, whether it is plain or mountain- 
us ihe standard herd or band consists of 1200 ewes with lambs 
n n^vy timber or rough or brushy ranges, as few as 750 ewes 
toYo^ *0 a band, whereas dry sheep are run in bands of 2000 

The herding difficulties which may be encountered by the shepherd 
d*ffl jP^'^^cnt on the uniformity of the herd, as mixed bands are 
iracult to herd For example dry ewes and ewe s jyith^ do 
^P£-gS2£«fiKeHly The dry sheep covering more"^ ground, getting 
” HI fresh feed, will cause the lambs to travel hur- 

^ ^k choice feed and become stunted Also, 

mijwd breeds such as Corriedale or Rambouillet do not graze or 
“era uniformly The herder in charge of a band of sheep has to 
fnove them to fresh pastures every four to six weeks, describing a 
ground the edge of the range in the course of a year. The 
^Tk ^ partner in this work is a dog 
-I his steady movement necessitates a high degree of mobility for the 
erder and his belongings, and the answer to this is the famous 
canvas-covered sheep wagon, the home of the herder The sheep 
wagon is moved with the sheep by the camp tender or by the herder 
nimself if hg a team at his disposal Not all herders have 
f wagon, m fact, there are many other kinds of herding There is 
Herding from the ranch, which means that the herder lives in the 
ranch building and takes the sheep out to graze during the day and 
returns them to the corral at night Herders, who have to bed 
|Heir sheep m a different spot every night, sometimes have a pack 
Horse With which to carry their bed and provisions from place to 
place 

The yearly cycle of the range sheep starts in fall just prior to the 
Hreeding season The ewes flock is culled from weak and sick ani- 
jHals and the discarded are shipped to the market with the last of the 
Iambs The ewes suitable for breeding are taken to a choice range 
^nd the bucks turned in The bucks are left with the band for thirty 
Hays and then taken out, and may under certain conditions be 
turned in again after a penod of from four to seven weeks 
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the sheep are taken to 

hv arters and are fed hay, which may be supplemented 

arp Krp^^ gram when necessary Range lambing ewes 

to hp favnr k1 Spring when the weather is apt 

their mnthp^^ ^ Newly born Iambs and 

band folio behind their band to be picked by a separate 

band followmg. as lambing is not all done at one place 

It years the shepherd has found that 

secSs whprJ^ctf^® 1 lambing season In 

mer ranp-e«! mnc/^K^ lambing is practiced the spring and early sum- 
oermit ^11 vpnf i^f are usually canvas-covered to 

?o^ of md3 the shed consists of long 

droD-band k; Ueof ^^^hing pens During the lambing season the 
each newlv hor^^ i” neighborhood of the shelter during the da>, 
known as mother are brought by extra help 

they receive immp^i pen inside of the shed There 

miHed to rermilT attention from a caretaker They are per- 

that the ewp<! an i 111 lambing pen from one to three days, after 
that the ewes and the lambs are returned to the band 

for'^tbs denPiJdc'"^ shearing season begins The time 

In some nfrtf climatic conditions of the range 

ary whereas California it may start in Febru- 

shJarmP [s m South Dakota the 

at fa^waSe omn s are located 

water near-bv^ Th^c *1 bands have feed and 

The shearing i«: rin ^ f*® ^ temporary or permanent setup 

machines T^p chp*^^ generally by traveling bands of shearers wi^ 
a dav Earlv m crews usually shear about one or two bands 

shed^vhere thp the band is brought to the shearing 

held m lanes hn L- ^ tire separated from the ewes which are then 
Each shearer draws shearing corral awaiting their turn 

wranglers have tn hts animal from the individual pen, which the 
freshly bra'nded and^f I the shearing each animal is 

a^am wnhX. 1 ^^i^^ched, and then turned loose to be unU^ 
efv os if starpi ‘he day the entire band of 1200 

band m the mornmg ""^^mg room for a fresh 

Do^^ds^and*^itn^^^^ rwched the proper market-weight, 70 

fraS he shipped This is done often by 

W r?if ilnf ^ ‘he railroad, where the market Iambs 

are cut out and loaded and the ewes returned to the range Where 
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good roads arc available, the lanibs are sorted at the range and 
hauled in large double-decked trucks to the railroad 

Sheep Raising in Texas 

Texas belongs to the southwestern area and is the leading state in 
total number of sheep as well as in wool production. The sheep 
industry in Texas is conducted in a manner somewhat intermediate 
belw een Uie western range and Uie eastern farm systems The rea- 
son for that IS that there are no public domains and practically 
all the grazing land is in the hands of private live stock producers 
Many of the ranches have put up wolf-proof fences and the sheep 
are turned loose in these enclosures The principal sheep raising 
area is tlie Edwards Plateau, comprising some forty counties in the 
southwestern part of the state between the Pecos and Colorado 
Rivers The plateau covers an area of approximately 22,500,000 
acres and is recognized as the center of the sheep- and Angora-goat- 
raising industries of Texas According to the 1935 agricultural 
census, each of the thirty-seven Texas counties m this area was 
credited with more than 50,000 sheep, or over 82 per cent of the 
7,000,000 head accredited to the 254 counties of the state In the 
northern part of the area cattle predominate and only enough sheep 
are kept to graze the weeds and other feed that cattle will not touch. 
■^^Jlfi-sjhecp-do not displace.aBy„cg,ttIe,.^d, in fact, when-properly- 
run ^haye a, tendency^ to improve the„cattle, Jiange,!^ Jlieic«inclusion 
mcreases-the^gfoss carxyjng,j:apacity^oi--these-pastures To the 
south, as the grass is replaced by shrubs, sheep become more numer- 
ous and only enough cattle are run to utilize the grasses that the 
sheep do not consume On the more brushy ranges goats m turn 
predominate, while sheep are a secondary enterprise, there being 
only a few cattle 

The fine-wool breeds, particularly the delaine merino and the 
Rambouillet, have been found best adopted to the climatic condi- 
tions prevailing m this area The annual rainfall amounts to about 
25 inches in the Edwards Plateau area, which has an elevation 
averaging around 2000 feet The fine-wool breeds constitute ap- 
proximately 90 per cent of the sheep population of Texas and of 
this 75 per cent is of Rambouillet stock The reason for the 
popularity of the Rambouillet is the weight advantage of the Iambs 
at weaning time over lambs of straight mermo breeding, and their 
ability to make more rapid gams The Rambouillet Iambs range 
between 55 and 75 pounds in weight at weanmg tune 



stSn used ? = The most popular type of outs.de fence con- 

sS™en?ed bv oneTf 'T “> “<*« “ >>“SH 

on top The in^irlp n ^^rbed wires at 3- to 4-inch intervals 

with three nr mnrA f ^ P^^^*^*on fences are of 36-inch mesh wire 

mtervals above the S ^ 

reservoirs bmit of^nrk-c wells and reservoirs These 

from a few to manv ^^'^crete, have storage capacities ranging 
distributed over most^of generally 

tra«l more than M to 2 m.?es S?t?ter ‘° 

ably rSulteTfrom^tfie' ad ^ sheep industry m Texas has prob- 
(1) reduced hSn*Lts^|?®f '“““-Sraamg, which a«' 
fewer communicable** capacity, (3) 

fleece (clean basis’! problems, (4) increased yield per 

percentage of lambs aifi fleeces, and (6) a larger 

time ^ weigh heavier at weaning 

grazed on^the sam^^ranffp*”^°”' ®®P cattle are successfully 

that a balanced svstem Texas It is necessary 

the range avoided Thp practiced and overstocking ot 

of the Edwards Plateau capacity of a representative area 

IS approximated as fnii yc^r around grazing 640 acres, 

10 to 2sS and A- ^ to 200 hid, nature cattle 

neaa, and Angora goats 50 to 75 head 

Sheep Shearing 

eraUy'*omOTat^r'"%bf“'“T a season job. She^ are gm- 
States Department nf prepared by the United 

cellent mm?ner^ ^4) illustrates in an ex- 

countries and the ner nri in the mam wool-producing 

It cSi be °u at the central markets 

months of the vear ‘^art that in the Umted States during fiy^ 
March shearing section of the land la 

April in Cahfnfnif°^\T f^^fornia, and Nevada, ja 

Tj_s. - -v-r > Nevada, Utah, and Wvominer. in Mav m Call* 


April in rnTifn^io XT — v.-aiitornia, and wevaaa, y* 

t Tj , > Nevada, Utah, and Wyoming, in May m Call* 

■^■^^ao, Oregon, Texas, and Wyoming, m June 

Wa^sb^SS^' w South Dakota, Orefon, Utah, 

mngton, and Wyommg, ending up m the far northern section m 
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July. In the fleece-wool states of the eastern part of the country 
most shearing is done m the months of April, May, and June, de- 
pending on the climatic condition of the state Shearing is one of 
the hardest kinds of work and anybody who has ever watched 
shearers at work realize this But the sheep shearer is the highest 
paid wage earner of the western plains He earns from 12 to 15 
cents per head, and since a good shearer can turn out from a 100 
to ISO sheep a day his daily wage may run from $15 to $20 



Figr 24 


There are two kinds of shears in use, hand shears and machine 
shears The hand shearer, as the name indicates, shears directly by 
hand using a shears much like those used to trim hedges Machine 
men work with power shears run by gas engine or by electric motor 
or on small farms are hand-driven They operate exactly like the 
electnc clipper of a barber The machine shearer does a faster job 
and the shorn sheep looks smoother than the hand-shorn animal Jt 
I S rlaimptl hfy many sheep. jn en-thaUthe- machine t akes off too., much 
Qf the .a:ool.-not leaving enough to keep the skm-frojmjb^g blistered 
o r to ^prevent the animak from catchmg-a severe^cold -should- the 
vveather chang^”3uring_ the shearing .period For this reason in 
Wyonung'hlTnd shearing is becoming more popular again 
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The shearing in the range states is generally practiced with ma- 
chines by crews of shearers, which travel around from one ranch 
to another They carry with them portable gasoline engines, each 
furnishing power for two men On ranches with permanent shear- 
ing pens and where many bands of sheep have to be shorn, there 
large engine, steam driven, with a line shaft from 
which power pulleys go down to each pen 

The present method of shearing was developed by the highly 
^illed^ shearer of Australia and adopted m this country in 1908 
todays scientific method of shearing is illustrated by Fig 25— 
a motion picture of machine shearing ” 

®^psrt shearer, whether he uses the hand shears or the ma- 
chme follows certain directions as the result of his long experience 
e Lhicago Flexible Shaft Company directions are as follows: 

1 Shear in a clean place on a smooth floor, platform, or large 
piece of heavy canvas 


2 Never shear when the wool is damp or wet 

nr^A^r running on fresh pasture, hold them m the bam, 
on dry feed, the night before shearing 

^ Take belly wool off separately 

^ manner that the fleece is unbroken and with 

position, half on each side of the wool 
that grows along the backbone 

with machine shears to shear the sheep on a bench, 

sheen direrriv o shearer, to set the 

there « nn When the sheep are sheared on the floor 

can L u?ed shearer’s feet and legs 

Sldom comfortable position Sheep 

twisted sheared, if they are not crammed or 

of aSicuW f ^ The U. S Department 

Afii cl, recommends the methods as illustrated 

thf fleece^J fnriSi Ki next step is to roll and tie 

men will snread the fleel^ Previous to the rolling careful sheep 

heaw sweL lnrk<« Tn Side down and remove all dung and 

BxAtP^n *«• t. rolling, the flesh side should alwavs be out- 

First the ed^e^of thT brighter and more attractive appearance 
Srt The Sl wnn? Tl the head Ld neck 

Uircemer ^ separately is drawn m at 

The actual rolling is started at the bridge or tall and 
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In the United States it is customary to tie the fleece with paper twines 
of 8^-foot lengths T ute or Jiemp^ twines, ar^ yeiy_objectionable 
The tiemg is done by wrappmg "the twine once eachTway at right 
angles around the fleece On small farms the shearer does the tying, 
whereas on the western ranches a wool tyer is hired who does this 
work for the wdiole crew After the fleece is tied it is sacked directly 
in the bags foi the market This work is done by a wool tramper, 
whose business it is to tramp the fleeces as solidly as possible into 
the 6-foot sacks that carry them to market The sacks are suspended 
free off the ground in a frame, and the wool tramper, starting at the 
bottom, rises as his sack fills This tramping is only customary in 
the United States, in Australia the fleeces are pressed into bales 
right at the shearing shed 

Shearing of the Texas Wool Crop 

In Texas between 15 and 25 per cent of the sheep are shorn twice 
a >ear, in the spring and in the fall. The spring shearing season 
begins in early April in the southern portion, being continued well 
into June before completion in the western and northern parts of 
the sheep-raising area The shearing is practically all done by Mexi- 
can crews, each of which operates under a capitan Fall shearing of 
sheep IS at the present time an irregular practice and the number of 
fall-shorn sheep is influenced mainly by the condition of the flocks 
and the market prices of the clothing wools A nine-year study at 
the ranch experiment station located near Sonora to determine the 
differences obtained from shearing sheep once and twice a year 
resulted in the following data The average gain of fleece (grease 
weight) for the nine-year period was 0 8 pound for aged ewes and 
0 7 pound for yearling ewes This gain in fleece-weights resulting 
in the twice-a-year shearing was, however, very often offset by 
w'lde and rapid fluctuation in wool prices (Fig. 26 ) 

Docking and Castrating Lambs 

Docking and castrating is mainly done to improve the appearance 
and value of the sheep They are considered among the necessary 
duties of a good shepherd, and are almost universally practiced in 
tlie large range flocks of the West 

DQ£luiigJS'ihfijtfmavuig.,Qf.,th.e tajJ, an operation best done when 
the lamb is between one or two weeks old Several reasons arc 
offered m favor of docking The docked lambs are neater and 
the absence of the lamb's woolly tail enables the buyer to see the 
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development of the leg of lamb. Dodsed-lambs^re^cleanerj^as long 
tai ls m a^gatheiniifring''filth->a nd many Ke cctmeJinifiSted-with wool 
ni^^o0Z,Many different instruments such as knives, chisels, hot 
pincerTw docking irons, hatchets or axes are used to dock the lambs 
The average healing time needed after this operation is approximately 
three weeks. 

Castration consists of removing both testicles of the lamb 
Castrated lambs or wether lambs are preferred by the buyers and 
ttiej- outsell ram lambs by as much as one dollar per hundred poimds. 

Sheep Branding 

To distinguish the various sheep m each flock, most sheep raisers 
brand oi mark the animals «with.^tar,^paint,/t,Qi::^the&-.identi£ying 
marks and. st ams..t.wprevent confusion with sheep owned by other 
fanners The manner of Branding sheep is treated as a matter of no 
consequence by the great majority of sheep and wool owners. If 
they could realize the damage that is done to the machinery, yarns, 
and fabrics when tar is present in the fleece, they would try to im- 
prove their branding method and meet the wishes of the man- 
ufacturers 

A survey of the kinds of fluids used in branding sheep in various 
parts of the country is being made by the Bureau of Agricultural 
Economics in an effort to determine what fluids are most suitable 
for branding purposes Manufacturers who use the bulk of the 
domestic clip have reported to the Bureau that despite every known 
precaution taken by them, the damage from the use by wool 
ers of insoluble fluids as a branding substance cannot be fully elimi- 
nated under present conditions Investigations by ffie Bureau's Wool 
Section tend to substantiate this claim 
Each staple having dried branding material must be clipped by 
hand The encrusted clips are known commercially as “paint clips* 
and sell for very little These “paint clips” undergo a process of 
depainting in which a special solvent treatment is used, after which 
the clips are used in ve^ cheap fabrics It has been estimated that 
an average of about thirty minutes per bag is used up in clippmg 
the brand marks from fleeces at the time of sorting One man will 
probably sort five bags of wool per day, which means, figuring con- 
servatively, that over two hours time per day for each sorter may 
be charged directly to the necessity of clipping brand marks by 
hand Wool sorterst are among th e highest pa id nf the tex tile work- 


i CTrcful fhrrJi !(• «!<'irr»mic jiinl whit hr.inditif; niiitK arc now 
1 chi.; I'scil hv ilic iitowiT'* Infuriintion will be /;,ithcrect concern- 
in.; the c^'nij.Kt‘jt’(iii oi the iliinK .iml their costs to the sheep owners 
■-iruc anv thml. to be '.udcK used, imist he made available to the 
tirowers at a rci<oinhlc cost 

Selected rtiiids v.hich are or could he made available to the grow- 
ers at a rca-omblc cost, should be tested thoroughly to determine 
those best suited to all hr inches of the industry Any improvement 
that may UntI to reduce the conversion cost of domestic wool should 
be rcflccleil m the returns received by the growers 

Parasitic Sheep Diseases 

Sheep probably suffer more from internal and external animal 
parasites th an any othir' Iciiul of livestock' although' ordinarily they 
are not suIjJci.t*'lo''discases caused by bacteria and viruses Most 
losses occur among lambs, as the young animals are usually more 
heavily parasiti/ed and appear to be more seriously injured by a 
given infestation than arc the older animals 

Parasites and disease are responsible more than anything else for 
keeping sheep growers in the red It is because of such hazards 
that more farmers do not raise sheep This, however, is not the 
place to diicuss in detail the most common parasites and diseases 
which affect sheep A flock owner can do much to prevent such 
losses by ; 

1 Rotating pastures 

2 Dipping every year for skin parasites 

3 Treating regularly for worms 
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4 Furnishing clean, dry, well-ventilated quarters, especially dur- 
ing lambing. 

5 Furnishing pioper feeds and clean water 

6 Starting widi and adding only healthy sheep to the flock. 

The combating of internal and external parasites is perhaps tlie 
greatest problem the farm flock producer has to face. The internal 
parasites are best fought by giving the animal a strong internal anti- 
septic such as a solution of copper sulphate and nicotine sulphate 
at monthly intervals during the grazing season This treatment is 
known as “drenching,” and the solution as “the drench ” 

The best means of combating such external parasites as ticks or 
lice IS to dip the sheep in special dipping vats The flocks are nor- 
mally dipped once a year, the best time being m the spring when 
the wool has from one month to six weeks’ growth The solution is 
a strong antiseptic, aisemcal dips also have proven satisfactory 

Anthrax 

One disease which must be mentioned as not only dangerous to sheep 
but which also may infect the workers who are handling the wool 
of infected animals, is anthrax or wool, sor tei^s disease Anthrax 
I S a raDidlv.. fatal,^nfegB:ous7j[e bnle di sease In sheep it usually 
lakes the acute form, but it is som^imes"subacute only 

The disease is caused by the Bacillus anthracis, an organism of 
microscopic size. Anthrax is contracted through wounds exposed 
to infected soil, and through the contamination of wounds by flics 
which have fed on carcasses of animals that have died of anthrax 
or on discharges from diseased animals 

In sheep the disease usually runs a rapid course, especially in 

the first animals affected App arentl iLJiealth.y~.animals.--^suddenly 

devgli^wealcnesa.QL the dega.and ^difficult, breathjng. They fall to 
the ground, move convulsively, and may die" m a few minutes or 
within an hour Where death is less sudden, periods of stupor 
alternate with convulsions, the mucous membranes of the nostrils 
and mouth become bluish, the temperature is highly elevated, and 
bloody discharges may issue from the mouth, nostrils, or anus 
Each year in various parts of the world thousands of sheep and 
cattle and many human beings perish from the ravages of anthrax 
In the United States annually about 120 people are afflicted with the 
malady — probably a small number when compared with world totals 
but far too great when one considers that the cases are largely con- 
fined to workers in the wool and the tanning industries — and the 
carpet industry in particular. In the belief that an occupationa 
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disease, so narrowly restricicd, can to a considerable extent be pre- 
vented, Dr Maudonald has studied anthrax in th^pathologicahlabo- 
ratory of Cornwall llospital, Cornwall, N Y., and reports his find- 
ings and retonuncndations as follows. / 

‘Wool workeis W'ho handle imported wool or hides are constantly 
exposed to anthrax, an infectuiuS-diiease, winch may attack the skin, 
lu;ig<j7'<yr*inifs{ flies. One form is knowif as ‘wool sorter’s disease ’ 
The most common form of the malady appears as a lesion in the skin 
not unlike the common ‘bod,’ except that it is practically insensitive 
and has a tough black center, often surrounded by a circular row 
of Silvery beadlike points of skin elevated by underlying fluid This 
form IS tlie result of anthrax bacilli entering^ the skin through a 
cut, abrasion, or infection Forms commencing in the lungs or 
intestines, from breathing or swallowing the germ, are practically 
unknown in the United States. 

"Workers in wool-carpet mills probably are exposed to anthrax 
more continually than other wool workers, since most of the woed 
which goes into American carpets is imported from Asiatic and 
tropical countries where the disease is prevalent This,^ however^ 
does not mean that all other wools are free from bacilli 

"The formaldehyde sterilization process, a§ practiced ?n, England, 
\\;h^<r~all-goat‘'hatrS'dri<I ,known dangerou s wools_..a r.e- disinfected 
con^l^ijyldt the 'port" of entry under government supervisioi^ 
ha s been fo und effective in dealing with the most heavily infected 

woolF’’ , , 1 j 

Still another method of sterilizing wool, when it is loosely packed, 
is to apply live steam under a few pounds pressure for fifteen 
minutes However, the difficulty^niLcost of such treatment of large 
lot s .of w ool in the, average xoiH-aro fibyiqus. , Although the formal- 
dehyde treatment renders the product practically sterile, and al- 
though the described investigations prove that the majority of wool 
workers are protected automatically, a considerable percentage of 
workers are left open to infection during the early operations To 
date, short of expensive methods of wholesale sterilization of r^ 
wool, nothing but precautionary measures against infection can be 
instituted. However, if certain precautions are taken seriously 
(with enforced co-operation of employees), there should be only 
rare cases of anthrax — and these should be detected early and treated 
effectively 


Chapter 3 

THE PHYSICAL PROPERTIES OF WOOL 


THE WOOL FIBER 

TOOL IS an animal fiber forming the protective covering of 
W w ^ product of the skin or cuticle of vertebrate 

V V animals, it i s simil aiLULOJigin^and general com positio nJiP the 
otjien^m.J:j.ssues found m animalsiTsuSv as horn. nails» 
aa(£3iooJs“ Wool is an orpinizeci structure, growing from the root 
situated in the dermis or middle layer of the skin The purpose of 
the hair covering is to keep the body temperature of the animal nor- 
The woo l fibers^, are pppi: conductors- of hea^t^^indy .therefore, 
prevent abnormal temperature changes-in~tlie*body At the same 
time, the air between the fibers is uniform in temperature, which 
adds to the protection agamst sudden changes The fleece works as 
a sense organ because of its contact with the nervous system of 
the skin 


Structure of the Skin 


The animal skin consists of two distinct layers — the epidermis or 
horny layer and the dermis or fine skin Each of these two layers is 
submvided mto several parts The skin ranges in thickness from 
to m Cells in the epidermis of the embryo animal grow down 
mto the dermis and form a sheath in which the hair starts its 
growth (Fig 1). The root of the wool fiber, which is termed the 
hair follime, is a gland from which, through the secretion of a lymph* 
like liquid, the vanous cells forming the hair are developed The 
hair follicle also secretes an oil which is supplied to the fiber during 
‘ts growth and serves as a lubricant for its several parts, giving “ 
pliability and elasticity 

Surrounding the hair follicle are two kmds of important glands 
—the suint glands and the sebaceous glands. The suint glands 


J Merntt Matthews and H R Mauersberger, 
Kw Edition, by peraission of the publishers, John Wiley & Sons, in'- 
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Fig 1, Diagram of akin structure m region of a hair (Gray’s Anatomy) 

secrete potash salts of various fatty acids, which prevent the hair 
from being damaged by the chemical influence of sunlight The 
sebaceous glands secrete the wool fat, which forms a protective 
coating on the surface of the wool fiber and preserves it from 
mechanical injury during its growth. At the same time it prevents 
the fiber from becoming matted or felted together, and also acts 
as a water repellent or raincoat 
The full-grown hair as a whole consists of two parts — tlie.j2Pt» 
or tbe-part>j\vhic h i s_ 4 n-the skin, and the,stem,^oii,shaft, which is 
above the The root is fixed at 'the base of the sheath and 

wherT'fHehair is pulled out, part of the hair follicle comes with 
It, having a form as shown in Fig 2 The stem is generally cylin- 
drical and IS tapered to a point at its free end On cutting, the 
fiber acquires a flat end which it will never lose since growth occurs 
from the root end. The tapermg ends are characteristic of Iambus 
wool, whereas the cut ends indicate that the animal has been previ- 
ously shorn, (Fig 3.) 
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Growth and Fleece Density 

WQjQLhairs‘grow*m^groups‘of five-to 
twe lve hak s JThe groups are so arranged 
in {he skin that they form horizontal lines. 
The arrangement is governed by a defi- 
nite law. In each group is present a lead- 
ing hair, which is recognized by its posi- 
tion between the oil and sweat glmids. 
This main hair difEers in no way from 
the o&ers in size or structure. The densi- 
ty of the hair over the entire body of a 
sheep varies according to the br^ as 
well as varying with each individu^ 
fleece. Fleece density is one of the pri- 
mary factors in wool production, as it 
has a direct relationship to the amount of 
wool obtained. 

Omsiderable variations of fleece densi- 
ty are found in the different breeds, and 
no classification can be made because cer- 
tain breeds overlap others. Bums found that the number of fibers may 
vary in the diff'erent parts of the body from 10,000 to 22 , 000 ^per 
sq. m of skin y vr-*— — 

In Burns's review of the published work on lleece density, vari- 
ous res^rch workers gave the data on the number of fibers per 
square inch of sldn shown in Table 1. 
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Fig 2. Parts of a merino wixd 
fiber. 

A — Up; B — stem; C — ^root 
(X500) (voa Bsrgea) 
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Fis 3. Vario^ forms 
of fiber tips. 

Tips oMfibs' 
\vooL (XSOO) 

Right— Tips of shorn 
-wool. (X250) 
(von Bergen) 


Left 1 Right 


Physical P»iOi»L*iriK.> ok Wool 


119 


TABLl 1 

KLELCi: DrNbiriLS BY BREEDS 


linedj 


Number of Fibers per 
Square Inch of Sim 


,:c 

m.. ;>}wrc Ka.i.lxjtiillci (cfo«it<tc<J) 
RAniK^u’Hct 

Atr.cf.f-in iLtmljouiilet rairs (four anim ils) 
Aujlrai.Jin .'..ct.r.u runs (t^vo inmnh) 
An.cnc^n tncfino, t>;)c B 
Taimunin .ncrino 
Souiii Arrtctn jticnnu 


8.000 to 25.000 

12.000 to3-t.000 

17.000 to 56,000 

33.000 

61.000 

16.000 to 23,000 

27.000 to -10.000 

35.000 to 60,000 


f J 


y 


^ r 




’ -T ^ ' 

» t 


P ; 

\ * Ify 


X * 

• V 



Fig 4 Vertical cut through skin showing various fiber groups and glands 

(XllO) (Summertll) 


Assuming that a sheep has a skin containing 12 square feet and 
that the fiber has grown fairly uniformly on the skin of different 
parts of the body, the total number of fibers grown on the sj^p 
may be calculated The Hampshire has from 16,000,000 to 43,000;- 
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000 fibeis, the Hampshire Rambouillet has 21,000,000 to 59,000,- 
000 fibers, the Rambouillet has 29,000,000 to 97,000,000 fibers; and 
the Australian mermo grows up to 120,(^0,000 fibers. 

There is a considerable dram on the body of the sheep when 
nourisumg from 16,(XX),(X)0 to 1CX),(X)0,(XX) or more fibers, all grow- 
ing uniformly: at...^ig^ rate of about, inch , per ,mopt|?. Spoettel 

and Taenzer estimated the number of fibers over me whole carcass 
lamb as 20,000,(XX) and a full-grown merino 126,- 

OlO.OOO fibers. 


Change of Hair 

The ancestw of the domestic sheep lost its entire body covering 
eacn sprmg _he covering of the wild sheep is very different from 
that of domesticated sheep. It consists of two distmct-coats^the 
outer of long fibers and the inner of short -fibers. The long fibers. 

Yery..cpai:5e, the short ftos ^ TelasSciT 
This wooly undercoat in the course of woluBon mq 
through very careful breeding, has developed consider^ly, and it 
now represents the main covering of domestic sheep. The wool of 
domestic sheep grows contmuously and, if not shorn or if protected 
or prevented from breaking off at the tip, it may attain a length 
several times its annual growth. 

This a^ual sheddmg or molting process still occurs m certain 
breeds yieldmg mixed wool, such as wild sheep like the Rocky 
Mountam sheep, and hair-canymg animals, such as goats and 
camels, yielding fibers closely related to wool. 


Wool, Hair, and Kemp 
Wild sheep carry two distmct coats, the outer of which consists 


c V ttT xT \ crimpy noers caUed wool, (bee ns 

r*^ Pt^ent tim^reedingjias not entirely 

bamsherthe.coars6~fiber,jQrjt.is.^tiU evidSnrmdTblFeeds ol sheep 

exc^t Jie.mer^Q,,3vhereJt^has_^^^^^ In medilnS^and-long- 

wooT^type breeds, the kemp and hairy fibers are noticeable on the 
head, legs, and britch, though the proportion m the numerous breeds 
v^es considerably. In the mixed wools, such as Scotch blackface, 
Welsh wool, or carpet wools m general, the entire fleece is a mixture 
of all three. (See Fig. 6.) 
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IIjC us,'Jcr<o,u ccnif-vts of fj! c, vjisipy filers, whereas the outer 
MMt fci.i.c! by l< co.ir c, ...t./ hiirs. HolU coats arc mter- 
sa.r^Jcd »^;th ihorJ, <v»r.c tilers Il> careful ccaniination 

c»ca filets wol 1 c ftsM.ti Mhich hi*.c the ».n iractcnstics of both wool 
lUtJ hj.r, ;hrft the* :t7^j h i»c wcrt i.a j arts liiat arc perfectly fine 
ii.tj th?t , ill ji.c c/*,iracjcr’il,c'i <»t true acol and other parts 

{..It pre^r.n scjy ihafac}cint:*.r liay arc known as hctcro- 
l^pe filer -k, I he lair j-ort t*n .s, is i rule, “(itonjily mtdullalcd and 
-i ^cr.ci lily foui. 1 it l.'ic tip of the filer. In other fibers the base 
rir-) be incd'iHatcd ind the d..>tal {xirlion fine, or the tip and tlic base 
ntay be ir.cdulhtcJ a. d -tlic eciKnl jiortion fine. 






V -t I 








Fiff 5 Crossbred wool showing um- 
formity in iincncss 
(X8) iKrauss) 


Fig 6 Carpet wool showing wool, hair 
and kemp Great variation m fineness 
(X8) {Kratus) 


Northcroft found the following type of fibers in adult staples of 
New Zealand wools; 

'f- XxJAc^'tiiasiU (a) Fibers running throughout the length of the 
staple. (6) Fibers at the base of the staple and running only for a 
short distance, (e) Fibers which have been shed and appear any- 
where in the staple These may sometimes be much longer than (n) 
and lower ends are frequently found at the same level in the staple 
and so form a distinct zone — the cotted zone This necessarily varies 
considerably m degree of cottmg, and can become a dense tangled 
mat 

2 Heterotype fibers (a) Growing fibers running throughout the 
IengfK"of‘tIlesfapli“‘'(6) Shed heterotypes, which as a rule are found 
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toward the ends of the staple, the proximal end being found m the 
cotted zone. 

3. Kemp Fibers shed from the follicle. They are short, wavy, 
tapering toward each end, dead white or opaque, with a large 
amount of medulla, and are very coarse and brittle (Fig 7) 



Fig 7. 

Possible types of fibers present 
in a wool staple o, hetero-type 
fiber thickened at tip a and base 
9, b, hetero-type fiber thickened 
only at tip, r, kemp fiber; d, 
cotted zone; e, true wool fiber, f, 
developing fiber, h, developing me- 
duHated fiber which may result in a 
hetero-type of the o or & class or m 
c, the kemp fiber (Northcroft) 


Northcroft in his further 
study of New Zealand wool 
fibers explains the foundation 
of the various fiber types as 
follows 

From the pomt of view of evolu- 
tion, the true wool fiber is clearly 
the component of the old inner fine- 
wooled coat of the wild sheep It 
has been developed at the expense 
of the outer or kemp coat, whicp 
has, m the domestic sheep, dwin- 
dled down to a few scattered fibers 
m the adult and is strongly repre- 


sented only in the first coat of some lambs 

clear hmv'thet heterotype fibers, and it is not 

chanireH May It not be that they are a result of suddenly 

SSJlv foumr,Vu,i?® HI® individual? The heterotype fiber most 

Sr fiW thickened tip and with a grekt part of the 

first formed after sheLmw course, the part that was 
sudden stimuluc to need for a covering, and perhaps a 

many of which h-iH^th was responded to by a production of fibers 

ancestral wi, «harwter that preponderated In the coat of the 

follSi Aat h»H tw sufficient growth had taken place many of the 
a ad thus responded by forming coarse fibers resumed their more 
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modern function of forming wool They may have formed kemp because that 
constituted the best form of protective covering, but it is more likely that it 
WM because the forming of this type of fiber was a function older in time 
and therefore one to which they naturally reverted when a sudden call was 
made upon them If a wattle-tree that normally produces only phyllodes in 
the adult condition is cut back it produces leaves such as it produced in its 
first year, or such as its ancestors produced The view here put forward as 
to the origin of thickened tip is rendered the more probable, seeing that if is 
more common in rigorous climates Further, where tip and base are ^th 
thickened, it may be that adverse conditions have occurred twice in the year. 

From the foregoing it seems evident that there i?;,*no.'distiact 
diplmg-lme Ji^ween^t£ue wool and true hair^ fibers. 

Histology of Wool Fiber 

The minute structure and external shape of the wool fibers were 
established by the classic researches of Nathusius in 1864, m Ger- 
many In the United States the classic work in establishing the 
physical properties of American wools was done by W. McMurtne, 
Pro fesSD^ Q fr "€heimstr w~at;*^ the •^'University o~f ''TlIinqis',^^18i80-86. 
Mcl&urtrie's worirwas"^*ovrdedrfor by ah 'Act of Congress (ap- 
proved June 16, 1880) for the examination of wools and other 
animal &ers by the Department of Agriculture under the follow- 
ing terms 

For testing, by sci^tific examination, .the, tensile ^strength, feltyig capacity, ^ 
and_other '-peculiarities of the different wools ^and other animal.' fibers on 
exhibition at the International Sheep and Wool * Fxhibition to be held in 
Philadelphia in 1880, four thousand dollars 

The report, which was published by the Department of Agricul- 
ture in 1^6, IS a volume containing more than 600 pages, it had an 
edition of 10,000. 

The latest information concernmg the fine details of the structure 
of wool fibers was published by Hock, Ramsey, and^ Harris ^ A 
growing fiber-consists jiLii .roqt* and ^s.haft , the root.,is. the-living 
p art situatpd surface .of» _skin, whereas •the^'Sh^t 

the nonliying parX.thatr extends above the surface^ of the skin 
The^rd&Chas a scallionlike shape The shaft is cylindrical and tapers 
to a point at its free end, provided the fiber has not been cut previ- 
ously Since the cells of the root are alive and growing, whereas 
the cells of the shaft are dead, there exist profound physical and 
chemical differences between these two parts of the fiber Several 
of these differences can be revealed by microchemical color teste 
The differences established between the root and shaft are given in 
Table 2 
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TABLE 2 

difj?erences between root and shaft of wool 


Root 


Shaft 


Soft and easily crushed 
Cells roundish 

Positiv*. test for nucleic acid 
Nuclei stained with hematoxjhn 
Cytoplasm granular m appearance 
Not biretringent 

test lor sulfhydryl groups 
No rtllwoerden reaction with 
chlorine water 


Tough and horny 
Cells elongated. 

Negative test for nucleic acid. 
Nuclei unstained with hematoxylin. 
Cells distinctly fibrous. 

Birefringent 

Negative test for sulfhydryl groups 
Many large Allwoerden “sacs.” 


new cells in the root and th by the proliferation of 

cells into the shaft subsequent pushing-upward of these 

mg this orocS.f composed of dead cellular units Dur- 

rcfuS ,n Pl^CC whlch 

dermis, an outer layer of°scale° a^m^dd^^ d>stinct layers— the epi- 
and a central mrA a ^ region called the cortex, 

. ^teristic oi-true woolf die is^g^ene^ally cliar- 

8). ’ * — ^^3^r...i^^it.9LcSarsejyool 



|?x; ^ 

< j j '' » , ■ 

lit r ■! > I I --- - I, y y . 

w 9^®®® Section of two hairs fX3601 
E-Epidermis, C-Cortex. Ml^MSla 

The Epidermis or Cuticle 

horny cells^ mr scales ^^Th^A made up of flat irregular 

the free end nmiAAt* ov^Iap hke the shingles of a roof with 
end projecting outward and pointing toward the tip of the 


Vifip STU 
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’ C^l 




^r.:><. ,, ,j 
</'^»/ V / |‘,< , 


wS#kic&SS;i 

*.\UirvrJ (XJ 50 ) 


, w *^ 1 . -r / |-i< , ) 

pearanccT * ^ of Jhc {ft. . ^unuit .» ’"scrnited'’ .ip- 

esJftflS r ;’ <•< '!>< ■ ' . 'I't ®“!“ 

The ;nn7. f <’'<umfc!c:,fc .)J lU- Ctar unej consideral)!/, 

'ktavcS,;' '.','f" of liic .ri!c. ., .|l■u'^lm3lel>■ M mcrans and 

‘^‘aeenol, 'f ' ■'!'l’'''X.n..<!rl>- „ aon>. 'Iha 

'sfareT.,, ‘ miri'ni. In ihc fin. .l iiinifc e'd' “'f “T'*'! ®“'“ 

■;' "'5s“Fi6r?^nnd'ia; 

poJs .Cl into < .to other, (het: ' 



Witi 


^S- 10 Dui„.», „/ .eilel.i"""’ 

■•lui jjj. t jcj/es ncccsssiy to 

the diameter the Except for a few 

'^^“/"ference incre.iic*. proF''J'Soil scales shoffr little 
?‘*ence on the snrfnte, gre arranged ermer 

over r»nr..„„ I i.tiiJIv a»" ...«o a tHelike ap^ear- 


>ce Ti,."^"‘:*'eby the surface of th^.^^hV.Vi ifiC/i 


ance 


The 


y me suriace oi ‘"V7„icl 


®”^iation height is .»» /il>®^^'r7ptas are S rj in 

ha., wool and rel.itcd •• J ^cg/e le^g^. ^.=» ^0 


such 


???!» h 


fine wools these 


5es?lS~r!r'-a 


> SS "«= ovnriapiiini' f " . - 

appearance. ^ 
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** — 


Fig_^ 11 Cross 
sections of guard 
hairs flora a ko- 
linsky fur pelt 

a) Maximum 
thickness of epi- 
dermis about 7 
microns (X7S0) 

b) Swollen with rrvj; 

— jj ^ hypochlo- 

-- Epidermis 
separated mto a 
senes of flattened, , 'vi 3' 
plate-hke cells I ^ 
(xsoo) 

(Rudall) 


averages ten o^twelve but 
The thickness of the eoidermlQ fourteen, 

animal fibers Whereas in different 

micron oi about equal to thp between 0.5 and 1 

human hair (3 microns'! anS Sickness of one individual scale, in 
microns) the perTSS^Iawr .? /““.I (>'°B»sky f”. ? 

serving the swelling of fiber thickened Rudall, by ob- 

tion, came to the conclusion thaf^^^ f hypochlorite solu- 
a function of the length of the- thickness of the epidermis is 

of these cells ^ ®ell and the degree of overlap 

Thus, Ae®thSies\^f°ih?yide^^^ as in Fig lOfl 

thickness of the individual cell °"® 

region) of ermines aS 

m Fig 10& martens the epidermis is of the type shown 

by swelling wift sodium^ epidermis measured 7 microns 

into at least 18 layers of flattenS°7^’i separated clearly 

Fig. m.) ^ flattened platelike cells (See Fig lltf and 

tb^mai/layS'^^the^.iiSS^fibe^^^^ 

htf otSM* wo " 

other m the form of tubes fFi^M? ®i^ remained attached to each 

and the lack of fibrillar stLrS, <^uticle scales are not fibrous 
or noniiar structure was further confirmed with the 



, T» I J wool fibers treated with solution? of pepsin 

m cdB from «» 6b». 

»nd B C “jjK 


in the^aiticle^^^* suggests a more or less random orientation 


The Cortical Layer 

rfsS 

» lu wiQin, and l.z to 2 6 microns m thickness (Fig 

Individual corti- 
cal cells liberated 
from the fibers by 
chemical agents are 
in most cases prom- 
inently striated, 
showing fibrillated 
ends. The striated 
appearance of these 
cells is owing to the 
presence of many 
fibrils. Near the 
center of each cell 
is a nucleus which 
has a granular 
structure Between 
Fig 13 Wool fiber showintr arro„or i. r crossed nicols the 

ceUs fibrOlar part of the 

pears birefringent whereas rtiP j ^cortical cells ap- 
observed in the untreated cmsc not Nuclei are not easily 

celU toSrTre Ths forces holding the 

there is a liauid Dresen^ hot? known Accordmg to Frolich, 

the ™t ofTe fib«% “X* “ W " 

tram a globule into the W 



from a fflobure~;nto *fhp*!rtn,t'^fl^ti’'^®®l growth these cells change 
fication ^and contraction progressive comi- 

ceUs may actra”<S?S.tm?'fliTL‘’JSX^r“ 



14 Single cortical cells from reduced and methylated libers photographed 
under various conditions. A — cell, stained with Orange II, showing the nucleus 
nnd the hbrillate appearance of the rest of the cell. B— <ell, between crossed 
nicols, showing the non-bircfringent nucleus in the birefringent cell C— single 
cell nearly eaten in two by the prolonged action of pepsin (X 1400). 

{Hock, Ramsay and Hams ) 
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Cortex and cuticle are produced simultaneously from neighboring undiffer- 
entiated cells in the follicle bulb Outer 
cells are modified to form the cuticle 
and the inner cells form the cortex and 
also the medulla, if this is present. 

These changes express either primary 
differences m the cell, such as differ- 
ences m the synthesis of tne cell pro- 
teins, or secondary differences m that 
the same protein molecule is brought to 
Its particular final state by different 
conditions of denaturation or by the 
action of agents, such as tan molecules. 

Ihe tensile strength and the 
elasticity of any hair is owing 
chiefly to the cortical layer of the 
fiber Any separation of the cor- 
tical cells through mechanical ac- 
tion, such as bending, or chemical 
action by strong acids will result 
111 the loss of strength In natural 
colored fibers, such as brown and 
black wool, the cells are filled 
with colored pigments m varying 
degrees. Between the cells cigar- 
shaped air pockets or vacuoles may be present. 

The examination of cortical cells with the electron microscope by 
Hock and McMurdie confirmed and extended the results obtained 
with the ordinary microscope. Whereas only fibrils were observ^ 
with the optical microscope, the electron .microscope resolved still 
finer filaments called microfibnls Figure 16 represents part of a 
cortical cell at a magnification of 36,000 The microfibnls like the 
fibrils do not appear to be constant in width but vary from a few 
hundred to 1000 Angstrom units. 

The Medulla 

Injngdium*aQdXoarsejiyools,-.a t hird lay er is fojundjaathinJfe& 
corficaLJ^er, .a cellular ma rrow o£imedulla'""Tn the ^e merino 
wooliinedulTated”fib 6 rs^rg. pjesent- tOotheTl^tent.-ofi-l'' to-’fO 0 O''“The 
medulla is built up of many superimposed cells, of various shapes, 
often polygonal, forming a honeycomblike structure. 

The diameter of the cells vanes from 1 to 7 microns Various pof" 
ous channels pass through the medulla cells, which are normally ml®° 



Fig IS Cross-section of a wool fiber 
after several weeks in a solution of 
pepsin followed by swelling with 9 per 
cent sodium carbonate. The photonu- 
crograph shows the outlme of the in- 
dividual cortical cells and their nudei. 
(XISOO) {flock, Ramsay and Harns.) 



aerograph X 36.000) 
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Fragmental 
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Interrupted 




A 

Continuous 


Fiff 17 'r . Continuous 

ypes of medullas in wool fibers (X 250 ) 

medulla might consist sinffle^cW^ medulla vary greatly The 
arranged side by side, it varies fr several series 

cent of the whole fiber AcSmJT 1° to over 90 per 

are classified m four grouos* nflu arrangement, medullas 
iZf' ^2) the inter- 

wool only the first three are fn.mj discontinuous In true 

mi^ulla is characteristic of fur°fiber«!^^\ discontinuous 

The presence of medullated fiK- rabbit hair, 

quality from the standpoint of th*? “ detrimental to 

fective becajiae^f^ilie.r inir^l manufacturer They are de- 

troiis The spinning properties 

5 P operties are lower, and in piece-dyed fabrics 
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t|icy produce a "s}*ji{cr>'* or nej'iicry ciTcct b> dicing a ligrtoi 
shade. Jhc sncdulla I5 in no ».ay nt.ct> ary for the growth of Uie 
titer; 1 15 mini tunctsoa :■;» to cre-iic tiie protective propci^ies or 
lt!c tiber by idding inicrnnl a.r spacca. 

Further experiments were in uie lj> Rudall on New Zealand 
Komney iaino's wool to siud^ the taii^cs of medullar production 
^**•5 r 9 jnlt.p t Mil 'i rxpennicnt^ j^roved conclusively that the medulla- 

fonndjjtjLcxI^aheinag, is'due to e.xpos urc mid 
fi r t ,, to. lhe niecl unl!pan£fft*rt of.jliegtijig In Tahie o^are given the 
results of some of the tests, shoi/ing the medulla-producng activity 
jn follicles from the shorn and unshorn sides of differentially shorn 
lambs.^ A well-marked mertase in the number of folhcles producing 
* continuous medulla is shown in each case 

Tx\BLD 3 

VARIATION IN NUMBER OP MEDULLATED FIBERS 


DUE TO EXPOSURE 

Ammau 

No of 
FcUtdci 

Con- Discon- 

(inuovs hnuotts No 

Medulla (1) ^fcdvlla (H) Medulla (0) 

Total 

Medulla at 
aFerCaU 

Upshom Cldc 

10-t 

0 

9 

95 

45 

Shorn side 

KM 

10 

26 

68 

22 

Unshorn side 

104 

s 

66 

33 

35 6 

Shorn side 

102 

47 

26 

29 

59 

Unshorn side 

101 

21 

15 

65 

28 

Shorn side 

98 

58 

20 

20 

69 5 

Unshorn side 

103 

0 

11 

92 

5 

Shorn side 

104 

60 

24 

20 

69 


Kemp Hair 

Kemp fibers are mainly present m mixed wools such as carpet 
wools J'itcj r presgg jtfi j%j3l\Lays.arSjgP. of 

easily recognizeclwitfi the naketfl^e. They are normally short, 
wavy, and tapering toward each end, are of a dead-white or opaque 
color, and are very coarse and brittle. They shed naturally from 
the skin after several months of growth and are found mostly in 
the upper part of the staple '^ey.are ,esp.eci^j|y„B£^e^m^eeces. 
-of )a , iTihfi are. b oxn.-»with..comparatively few medullated fibers, , 

but which after**birth develop an outer coat of medullated, coarse 


5E 







2^ ' * V 








100 per cent mediSL^ ^'black^plrt^of fih ^^“Pj’airs (a) Kemp hair nearly 
Cross secSorofkeShfmfs®^^^^^ ^ filled wiKf 

and r.bbonhke The black parts m the medulla a?e®mr!filkd?ells^ 


X-Ray Analysis of Wool Fiber 


disclosing the\ubrai5oKo^^sfmctu^^ important place in 

of Astbuly is outstanding^ ^ ^^e wool fiber. The work 

and great"ela'sSdty which ^ capacity to stretch 

Unstretched humSa hair wool fibroin, 

whalebone all give the spines, and 

they give another kind of natter/ buf when stretched 

respect from fiSr^f clS^n .^''““'alian hairs differ in this 

or natural silk is stretched the x-rav oh^tn*^^ cellulose 

uivnea me x-ray photograph remains unchanged, 
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«cept for orientation effects, v/heieas the mammalian hairs shov/ 
long-range reversible elasticity, v hen teleased m water they recover 
their original length eicactly. 

X-rays show that the wool fiber is Duilt up of crystals which are 
far too small to be seen with the aid of visible light. They exist 
in certain shapes and sizes and he in certain directions in the fibers 
As far as is known keratin exists m thiee foims The x-ray shows 
definite existence of two of these* the unstretched form, oc -keratin, 
built from folded polypeptide chams and the sti etched form, j6f-kera- 
tin (Fig. 19), built from the same chains pulled out straight. The 
third is the "super-contracted” form, assumed after the fiber has 
been stretched and treated with h''at and moisture for a short time. 
If It is allowed to contract, it will contract to a shorter length than 
the oe-form. The x-ray pattern does not reveal any new definite re- 
peating pattern for this form. The two x-ray photographs show the 
characteristic molecular pattern of an unstretched and stretched 
wool fiber. In Fig. 19 of Cotswold wool, stretched 90 per cent of 
Its initial length, there is a remarkable contrast to the unstretched 
fiber. So long as hot water is avoided, the intramolecular transfor- 
mation from 00 - to ^-keratin and back again, with corresponding 
changes m the x-ray photographs, may be repeated as often as 
desired. 



\ 



Unstretciiea wool fiber 

( 00 keratin ) Fig 19 


Stretched wool fiber. 
(Astbury ) (j8 keratin ) 


Astbury and his co-workers have already explained much hitherto 
unknown detail of the nature and structure of wool and its response 
to many manufacturing processes, and their work has been further 
enlarged by Wrinch, Neurath, Pauling, and Niemann 
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QUALITY CHARACTERISTICS OF WOOL 


Id 05 timating the "voi le and suitability of wools there are several 
characteristics which aip important in determining the quality, 
and foremost of th ese ^s fib£ r.jiiameter...Qr..fineness. The lengthy the 
amount of impuri tKS slmnkage value, s treng th, colari^uster,..and 
v egetablSlnaffer cont^t areLalso^igmficantrih all these properties the 
wooTBEe^r vanes within wide limits, depending on the breed and geo- 
graphic location of the sheep and the part of the fleece from which the 
wool IS derived 

Conveision of fibers into yams and goods brings out additional 
physical characteristics, such as the contour, crimo, elasticity, ^re- 

i. r.1. 


Fineness of Wool Fiber 


The average fineness of the wool fiber is its dominant dim ensional 
' v^characteristic, greatly affecting its manufacturing value Th^^^Q^" 

Smce the wooFfiber is of microscopic "Structure, the fineness is 
expressed on the basis of microscopical measurements, either as the 
wid^h or diameter of the fiber, depending on the measurmg method 

In judging the diameter of the wool fiber with the eye, the aver- 


TABLS 4 

FINENESS DISPERSION RANGE OP WOOL FIBERS 


Range 

{mtcrona) 

Fme Wool 

Medium Wool 

Coarse or 
Long 
Wool 

Carpet or 
Mixed 
Wool 

Super 

mmno 

Menno 

Fme 

Coarse 

10 to 20 

88 

41 

22 

6 

2 

IS 

20 to 30 

12 

57 

64 

39 

18 

35 

30 to 40 

— 

2 

14 

41 

27 

26 

40 to 50 

— 

— 

_ 

13 

40 

8 

50 to 60 

— 



1 

10 

6 

60 to 70 

_ 

— 



3 

2 

Over 70 (kemp) 

— 

_ 

— 

— 


8 

Average microns 

17 

21 

24 

32 

40 

36 " 

Grades 

90s 

70s 

62s 

48s 

36s 
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QUALITY CHARACTERISTICS OF WOOL 

In estimating the value and suitability of wools there are several 
characteristics which are important in determining the quality. JRirst-' 
and foremost of th ese is J bcr.>diameter...QLJineness. T he length ,, the 
amount of impuri tieTp^^rinkage value, strength, colorpuster,*and 
vegetable matter coIT t^t are.alscLsignificantrXn'alT these properties the 
wool Kber vanes^within wide limits, depending on the breed and geo- 
graphic location of the sheep and the part of the fleece from which the 
wool is derived. 

Conversion of fibers into yams and goods brings out additional 
physical characteristics, such as the contour, crimp., elastici|T,„re- 
silience, rigidity, felting quality, specific gravity, moisture content, 
'Electric proper tie^.'luid' waraith fheat ‘conductivitvir^ ‘ 

Fineness of Wool Fiber 

The average fineness of the wool fiber is its dominant dimensional 
characteristic, greatly affecting its manufacturing value Tfie^^fine.' 
nes4j:s4,udgedQn-'the trade mainly..,lMLvisual,jinspejction. 

bince the wool nber is of microscopic -structure, the fineness is 
expressed on the basis of microscopical measurements, either as the 
width or diameter of the fiber, depending on the measuring method 
used. 

In judging the diameter of the wool fiber with Ae eye, the aver- 


TABLE 4 

FINENESS DISPERSION RANGE OP WOOL FIBERS 


Range 

(pttcrons) 

Fine Wool 

Medium Wool 

1 

Coarse or 
Long 
Wool 

Carpa or 
Mixed 
Wool 

.Super 

mertno 

Mertno 

Fine 

1 

Coarse 

10 to 20 

88 

41 

22 

n 

2 

15 

20 to 30 

12 

57 

64 


18 


30 to 40 

— 

2 

14 


27 

26 

40 to 50 

_ 




40 

8 

50 to 60 

— 




10 

6 

60 to 70 

— 


— 


3 

2 

Over 70 (kemp) 

— 

— 

— 



8 

Average microns 

17 

21 

24 

32 

40 

36 ' ’ 

Grades 

90s 

70s 

62s 

48s 

36s 
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age person is under the impression that the individual fibers are 
more or less uniform in fineness. As a matter of fact, the diameter 
of wool fibers v.arics grcatl}', even in the same fleece; it may range 







. 4 . 




Fine: 

20 microns 




r— Coarse: 

** , 47 microns 


> 


Fig. 20 Differences in liber widths of wool. 


from 10 to 70 microns. (Fig 20.) J'h^e^least,.Yariation is found in the 
merino wool staple, which normally ranges, frpm. 10_ to ^30 ^microns, 
whereas a staple of carpet wool usually consists of fibers ran^ng 
IjO to 70 microns and more. In addition, kemp fibers are present, the 
diameter of which ranges from 70 to 200 microns. 

The dispersion range existing in commercial samples of four 
mam types is illustrated in Tablp 4 and S. .... , c. 

Further variations within the whole length of the individual fiber 

are caused by physiological changes in the animals due to nutrition, 
i Tr«.. incf3n/>f> annrt fpwiiTitr T>ro.iMces 



wd fmerleece, in the same way lactation and the suckling of lambs 
reauas'^j^'ciably the fiber fineness, the fleece density, and the wool 




J '" fT~ ■^— ,1 n— Tfri~ ' 

TABLE S 

FINENESS MEASUREMENTS ON SIX MARKET GRADES 
_ ( ducational Set. U S Department of Agriculture. Nov. 1942 ) 



Ftne 

Blood 

Blood 

Blood 

L<nold 

Blood 

Number of fibers 

P^ cent of fibers from. 

600 

800 

1200 

1200 

1600 

10 to 20 imerons 

20 to 30 « 

30 to 40 « 

312 

61.8 

A 0 

17 8 

67 6 

97 

SI 7 

7.1 

36.1 

43 

34.8 

40 to SO “ 

50 to 60 “ 

0 o 

0.2 

14 1 

OS 

27.7 

10.8 

43 3 
12.7 

40.6 

181 

60 to 70 “ 



01 

08 

1 8 

Average microns 

22 8 

23 2 
64s/62s 

24 9 
213 

60s 

29 12 
26.7 
S6s/S0s 

31 43 
2S1 
S0s/48s 

04 

33 OS 
2S4 

46s 


Fnmf* %r ®®n*eal average of the 
n?w e M'eroscopfeally the finean< 
other four are perfect selecUoM 


Common 

and 

Bratd 

1600 

08 

20.7 

43.7 
319 

2.7 
02 
36 71 
20 7 
40s 




. F»er 21 (XSOO) 

Cross section of wool showing th4 various shapes 


Fiber Contour 

i t 

The shape 
of the cross 
section varies 
greatly. Some 
cross sections 
are nearly cir- 
cular. As a 
rule they are 
irr^ular and 
haveavaiying 
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degree of ovality or ellipticity (Fig. 21). The most common method 
of expressing the ellipticity is by the ratio of the major to fie mmor 
axis as the contour figure EaiJceiJias.4)xoved..that4nJwojyools^pf 
same^nenes s the^ore, circular wool spurs better According 
to trade opinion the spinning ^opertieTbf wool can' Be divided into 
three groups : 

Group 1, very good spinning, with contour figure below 1 2, 
Group 2, medium spinning, with contour figure 1 2 to 1 22, 
Group 3, fair spinning, with contour figure above 1 22 

Crimp in Wool Fiber 

Wool^ bers grow in a.jnore..or 4ess„wayy;. form,an(L,with.^certein 
amount- of fwist / Crimp is probably a direct consequence of "the 
formation of the fiber itself withm the follicle Equality of crimp 
IS associated with uniformity, and, therefore, a sign of good quality 
Q2Hips^occurJn4he^foim..of-iiwayes'i,or,"curls ” They range from 
flat waves through normal waves to highly bent waves 'Die number 
of waves m different wools is more or less an mdication of fine- 
ness. Generallyj^the. 4 nore.,ciamps..per;ijnch,Jhjeuiiner,Jh^. fiber, a 
conditionTEat often strongly influences the wool buyer and the wool 
sorter in their judgment of the fineness It is, therefore, of great 
interest to the practical wool man to know how far the agreement 
is of value to him. 

Bosman made a study of the relationship between the fiber fine- 
ness and crimping on South African wools Observations were 
carried out on 1000 samples produced in different areas of the 
Union Out of 1000 samples only 28 per cent showed a perfect 
agreement between the standards of crimps and those of fiber fine- 
ness The rest, or 72 per cent, did not conform, 36 per cent being 
finer and 36 per cent being coarser than the crimps indicated Of 
the 36 per cent that was coarser than the crimps indicated, 17 per 
cent was coarser by one quality number, 12 per cent was coarser 
by two quality numbers, and 6 per cent was coarser by more than 
two quality numbers Thereiore, if a wool man bases wool quality 
on crimping, he can form a correct estimate in only 28 per cent of 
the cases This makes crimps alone an unreliable guide to fiber 
fineness for the South African dip as a whole. This is even more 
the case where individual samples are concerned r c< 

American wools do not differ from the above findings for South 
African wools McMurtne established these facts fifty years ago 
He states as follows; 
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of Murse tree mat, as, a, general rule, Ihe.iajarser^fibers^Iia^re ^«avcr 
cnmps^'per inch than JheJiner ones,, yer'tKe enmp of the^be^^^rannot always 
bfe'-tfcce^lea’'ar'a^crfteriOT the .absolute ^degree, of." fineness It is "only 

necessary to'make a' feiiv comparisons to see this, and tJibngh among the 
breeders Mnsiderable importance is attached to it and dealers and graders 
often use it in making their classifications based upon fineness, its true rela- 
tion has been fully recognized by those who have made a careful examination 
of the staple in a saentific way. This has been confirmed in our oivn 
measurements This condition of the fiber cannot therefore be accepted as a 
reliable indicator of fineness, and some other means should be adopted for 
dirtcnmnalion of this latter quality to which such a high value is attached 
by both breeders and manufacturers, and concerning which, with reference to 
our American wools at least, there.has been a marked demand for information 

t 

In the XJ S. Standard grades of raw wool, issued by the Depart- 
ment of Agriculture, the relationship of Ae crimps and the grade 
of wool was found as shown m Table 6. 


TABLE 6 

GRADE AND CRIMPS IN WOOL 


Number of 

Grades Crtmps per Inch 

Number of 

Grades Crtmps per Inch 

Very fine . 22 to 30 

Kne 14 to 22 

H blood ' 10 to 14 

blood . 8 to 10 

M blood 5 to 8 

Low quarter 2 to S 

Common 0 to 2 

Braid 0 to 1 


. up these standard grades, it is very difficult to select 

mdiridual staples for this purpose by visual inspection only. Micro- 
^pical.measur^ent is necessary to establish the correct grade 
The greatest deviation from the rule is observed in wools with 
highly or oyer-bent waves and in wools with adverse or flat waves 
In wools with a high amount of grease, the crimps are more numer- 
ous in contrast to dry wool, wbidi looks coarser. 


Length of Wool Fibers 

The length of the fiber plays an important part as a quality 
factor, as "combing” and "clothing” wools ar^ classified according 
to their lengffi. Q^erally-'speaKuig,- "clothing wgol’iis-understooa- 

to be wool wiJh.an..ayerage;stapIeJengffi->-b^wi-l^ inches, -wher^s 

"comtjing'wools” commonly range trom to 7 indies. Since the 
wool fiber is not a straight fiber but exhibits crimps and curls, the 
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measurement of the proper fiber length is complicated by its wa\l- 
ness So far there is no satisfactory method for the direct determi- 
nation of the fiber length Depending upon the number of crimps, 
the stretched length may be 1 2 up to 1 9 times the natural length 
The various me&ods employed for length measurements are dis- 
cussed in Chapter 23. 

The length of the wool fibers varies in large limits not only in 
different breeds but also on the same animal The average Icngtli 
variation of twelve-month-growa wool of the main breeds is illus- 
trated by Table 7. 

TABl/K 7 

VARIATION IN AVERAGE LENGTH OF WOOL FIBERS 


Wool Type Breeds 


Lcnflh Vanattm 
(in inches) 


Fine 

fAmcncan menno 
RamfMuiIIct (U. S ) 
[Australian menno 

JHto 3 
2 Hto 3 H 
3 to 5 

Medium 1 

fEnglish Down 
^Comcdalc 

2 to 4 

3 to ? 

^ 1 

CoatBc 1 

i 

Romney 

Lciccctcr Enclish 

Cotswold 

5 to f» 

6 *o S 

10 to H 



nVr Cl".-' I ^ 

(#'r i.// 


T1 c'c ' 

tliitjii 1C jx' 

i» -Alt'! I '* 

*■ r rn.'**' r-'t 
'* '.c ; rff 

' t' ' ' *r » 

^ It ^ ^ 

r ^ 

i **> * * ^ * 

* ^ f f 

« r 

^ ^ 4*- 

' J -I <e ^ t 

,,!•*** 

i . < if - .f- j tf 




142 


American Wool Handbook 


tshort, medium, and long fibers, because the wool does not grow 
^ifornily lo'ng out"^f ‘tlie'^km. 

Breaking and Tensile Strength of Wool Fibers 

^rea^g^str^ength js considexediojiejhe f prpej:ej(iuired-to-efifect-the 
ruptured a,iiber-^or jabber bundle, whereas tensile-strength 'repre- 
sents, the., breakings strength^^calculated ,on jumt,,area. The whole 
literature reflects the difiiculty m obtammg average strength figures 
for anj-^ type of wool or hair fibers based on single fiber tests. By 
breaking a laige number of fibers, in the form of bundles, a much 
clearer insight can be obtained into tlie relationship between fine- 
ness and strength In a study of Soudi African merino wools con- 
ducted b> Bosman, Waterston, and Van Wyk, using the bundle 
method, 100 fibers per sample, the following was established; 

Witliin the same staple, the coarse fibers were 52 per cent stronger per fiber 
man the fine fibers ; there was a sigmficant correlation of 0 9508 between fiber 
mameter and breaking strength and a significant ncgabve correlation of 0,48« 
between the fiber diameter and tensile strength The average breaking strength 
^ grams (mean 5 SO grams) and the tensile strength 

oOO-loOO kg/sq cm (average 1243). With different samples, the correlation 
between fiber fineness and breaking strength was sigmficant, that between 
fiber fineness and tensile strength insigmficant. The regression coefficient of 
the breaking load on fiber fineness was 0445, indicating that, on an average, 
every increase of one micron in fiber diameter was associated with an increase 
of 0445 gram m the breaking strength 

Kronacher reported a regression coefficient of 0.5819. Recent 
research conducted by the Forstmann Woolen Company has pro- 
duced results (Tables 8 tp 10) which show that the wool fiber 
possesses considerably greater strength than it had hitherto been 
credited with Tables 8 and 9 show the average breaking and 
tensile strength as measured on the official U. S. Top Standards 
while Table 10 shows the breaking and tensile strengths of important 
hair fibers The above investigation w&s conducted on two sets of 
official U. S Top Standards, one of which was the original stand- 
ard compiled and promulgated in 1926 of grades obtamed from 
wools of foreign origin The other, effective in January 1940, was 
derived from domestic wools only. The 1926 standard consisted 
of twelve grades, ranging from 80s through 36s, of which the fine 
grades probably represent wools of Australian origin, and me 
medium and coarser grades are presumably drawn from 
New Zealand clips The latter set of standards, effective m 1^^» 
was composed of eight domestic grades, ranging from 80s through 
50s quality. 
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TABLE 8 

STRENGTH OF FOREIGN WOOL TOPS 
(0/Hcial U S Top Standards, Box 134 Effective January 1, 193S ) 
Bundle Test Conditions. 65% R H. at 72“ F. 


Grade 

Ftnenesa 

(mtcrons) 

Wm 

Breaking Strength 

Tensile Strength 

1 

1 

Bundle 

(kg) 

Single 

Fiber 

(grams) 

1 

Kglcm^ 

Coefftcteni 
of Variation 
(per cent) 

SOs 

19.5 

2990 

14 3 

4 78 

1597 

17 

70s 

20 8 

2630 

13 8 

5 25 

1546 

10 

64s 

219 

2380 

140 

5 88 

1564 

23 

60s 

23 5 

2060 


7 14 

1649 

12 

58s 

24 8 

1850 


8 43 

1743 

12 

56s 

26 9 

1570 


10 32 

1816 

16 

50s 

30 4 

1230 


13 82 

1903 

13 

48s 

33 0 

1050 

16 8 

16 00 

1877 

2.0 

46s 

34 8 

940 

171 

18 19 

1904 

25 

44s 

36 6 

850 

17 3 

20 35 

1929 

13 

40s 

38 3 

780 

18 4 

23 59 

2053 

14 

36s 

39 3 

740 

19 0 

25 68 

2124 

2.0 


Bundle length 

2 in for grades 80s, 70s, 64s, 60s, 58s, 56s 

3 in for grades SOs, 48s, 46s, 44s, 40s, 36s 
Loenicient of correlation 

Fineness breaking strength, +0 990 
Fineness tensile strength, +0 966 


Average bundle size 2 in, 0 06 gram 
3 in, 0 09 gram 


The breaking strength results signify the average of ten tests, 
performed on bundles of equal weight in relation to the bundle 
length for each of the wool grades analyzed (30 milligrams per 
inch of fiber length). In view of the low variations in the individual 
test results, ten tests were deemed adequate In consequMce, the 
number of fibers per bundle varies with the diameter of the fibers 
The converted results obtained for the breaking strength of me 
individual fibers for the foreign and domestic wools indicate that 
direct relationship exists between the fiber diameter and fiber break- 
ing strength This is in agreement with the findings of Bosman 
and associates However, a higher correlation was found on the 
tests performed on fibers in top form than m the results obtained 
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TABLE 9 

STRENGTH OP DOMESTIC WOOL TOPS 
(Official U S. Top Standards, Effective January 1, 1940 ) 
Bundle Test Conditions. 65% R H. at 72° F. 


Grade 

Fineness 

(mterans) 

Approx 
No of 
Fibers 

Breaking Strength 

Tensile Strength 

Bundle 

(kg) 

Single 

Fiber 

(grams) 

Kg {cm? 

Coefficient 
of Variation 
(per cent) 

SOs 

19 5 

3000 

13 7 

457 

1526 

16 

70s 

200 

2840 

13 7 

482 

1537 

1 6 

64s 

218 

2350 

13 3 

5 66 

1499 

39 

62s 

23 5 

2060 

13 2 

6 41 

1477 

38 

60s 

24.7 

1820 

13 3 

7.31 

1490 

22 

58s 

25 8 

1680 

13 5 

8 04 

1510 

13 

S6s 

27 7 

1450 

14 7 

10 14 

1649 

1 2 

50s 

30 2 

1260 

14.4 

1143 

1614 

27 


Coefficient of correlation 
Breaking stren^fa, 0 9887 
Tensile strengtb, 0 6195 


Average bundle size 0 06 gram 
Bundle length 2 in 


by Bosnian which were derived from woo! in staple (fleece) for® 
This IS understandable in view of the greater uniformity and degree/ 
of mixing obtamed in commercial top samples, ^ch top standard 
represents a cross section or composite average of wools obtained 
from a variety of clips of diverse origin A significant correlation 
of 0990 between fiber diameter and breaking streng^th was found 
for the entire set of foreign wool samples, as compared with a 
correlation of 0992 for the grades 80s to SOs inclusive. For the 
domestic wools, a correlation of 0 989 between foeness and break- 
ing strength for the grades between 80s and SOs was observed 
A significant difference is evident in the correlation between fiber 
diameter and tensile strength for foreign and domestic wools Com- 
parison between the correlation coefficient of domestic and foreign 
fine wools (fineness range between 80s and SOs) reveals a significant 
plus correlation for the foreign wools of 09S7 and a significant 
plus correlation of 0620 for fte equivalent domestic grades A 
further characteristic of the results obtained on the foreign and 
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TABLE 10 

BREAKING STRENGTH OP VARIOUS HAIR FIBERS 


Bund’c Tcrt, Condit.ons 65% R H. at 72" P 





PrtaJitng Strene’S 

Tensile StrengOi 

Tyf 

r/ii 

<nf- 

Se cf 
ht'trt 

(*7) 

SiRffe Fiber 
(wni) 

Kg /f n • 

Co’ffictcnl 
of Vana'io~i 
(per cent,) 

Hturanhatr P«-a3f, U jt 
_ (Utbt brow*!) • 

58 6 

330 

319 

66 36 

bkh 

24 

F<^ale, 38 yr (datis 

.. ? 

E4A 

160 

31 4 

133 75 

^Mil 

26 

Uetaeba f Female. Uil. 9 
Tt fb’«.e-«t»de) * 

Penaie. toil, 15 yr (tJiej-- 

ICOJO 

17 

IS 1 

888 24 


57 

rut)* 

KUed, n»ne Arte-tiee 
(dmy white) • 

Cow hair Mixed. Uil (dirty 

181 0 

35 

17 1 

48847 


55 

129 0 

70 

16.1 

230 00 

1799 

31 


187 0 

30 

181 

60343 

2023 

38 

MoMr np'rkidtop 

35 4 

1800 

191 

10 61 

2154 

24 

36a top 

28 7 

1360 


14 70 

2231 

1 1 

21itop* 

36 4 

870 

18 6 

2148 

2138 

25 

Cothnere lop • 

ISO 

5000 

12 7 

244 

1444 

34 

C^el'a hair Pine lop • 

20 7 

2750 

15 4 

560 

1790 

32 

..Coonetop 

26 6 

1570 

164 

1048 

1808 

3.2 

Alpaca White lop* 

Brown top 

27 0 

1640 

17 1 

1043 

1820 

07 

27 0 

1540 

15 4 

1000 

1747 

26 

Blacktop 

27 0 

1590 

154 

9 62 

1682 

34 


Bundle lenftli: 

i In. for Argentine borfebalr, kid mobalr, Slls mobair, 228 mobair, alpaca white, brown. 


2 in for Human balr, female 14 yr, female 38 jrr, borsebalr tail, 9 yr, tail 15 yr, cow 
« > . camel'a balr, fine, coarae. 

• xor Ctioraere* 

Correlation coelBelent of fibera marked Averace bundle aize 

Fineneaa breaking atrenstb, 0 980 1 in , 0 03 sram 

Fineneia tenaile atrenith, 0 076 2 In, 0 06 gram. 

3 in , 0 09 gram 

domestic wools showed that the tensile strength distribution fell into 
three definite groups, whidi more or less coincide with the three 
mam wool types — fine, medium, and coarse This factor is even 
more pronounced in the domestic wool samples. There is no correla- 
tion between fiber diameter and tensile strength m the fine grades, 
58s and up, whereas there is a definite upward trend in the medium 
(crossbred) types, 56s to 50s The regression co^cient of the 
breaking load on fiber fineness for domestic wool is 0549 gram, 
indicating that, on an average, every increase of 1 micron in fiber 
diameter is associated with an increase of 0 549 gram in the break- 
ing strength. 
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In the wet state, wool loses from 10 to 25 per cent of its strength 
In Table 11 are shown the relationships between the dry and wet 
strength of 1940 standard tops. 

TABLE 11 

WET AND DRY TENSILE STRENGTH OF WOOL IN KG/CM* 


Top 

Graces 

Dry 

WeL 

Loss % 
of Dry 

Grades 

' Dry 

Wet 

Loss % 
of Dry 


1525 

1197 

215 

50s 

1614 

1321 

■ 


1537 

1199 


48s 

1877 

1544 


64s 

1499 

1212' 

18 3 

46s 

1904 

1641 


62s 

1477 

1244 

15 8 

44s 

1929 

1633 


60s 

1490 

1269 

14 8 

40s 

2053 

1751 


58s 

1510 

1300 

13 9 

36s 

2124 

1835 


S6s 

1649 

1300 

21 1 




m 


The strength data on the specialty hair and the other ammal 
fibers reveal that each type of fibers seems to have its definite 
strength level, with the human hair the strongest Using 100 per 
cent as the tensile strength of human hair, tensile strengths of the 
various fibers can be rated as in Table 12 

TABLE 12 


STRENGTH RELATIONSHIP FOR VARIOUS ANIMAL FIBERS 


Type of Fiber 

Tensile 
Strength 
{per cent) 

Type of Fiber 

Tensile 
Strength 
{per cent) 

1 

Human hair 

100 

Camel’s hair 

75 


Mohair 

90 

Alpaca 

72 


Long vrools 

80 

Medium wools 

70 


Horsehair 

75 

' "Merino 

62 




Elasticity of Wool Fiber 


ll a wool fiber is slowly elongated without rupture, a 
extension will result. When the load is subsequently 
fiber makes an immediate partial recovery, leaving a residual exten 
sion, resulting in a “temporary set," which the fiber slowly loses 
given time. 
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Load -grams 


Fjg 23 Typical untreated wool fiber dur- 
ing the two stress-strain cycles, 24 hrs 
apart (30 per cent index equals 099) 
{Hams ) 


Speakman has demonstrated 
that wool fibers can be elongated 
30 per cent without permanent 
deformation or weakening if the 
duration of the strain is short. 
Hams and Sookne plot the 
stress-strain characteristic of in- 
dividual wool fibers automatical- 
ly Figure 23 shows the behavior 
of a typical wool fiber during 
two successive stress - strain 
determinations The fiber was 
allowed to relax for approxi- 
mately twenty-four hours be- 
tween the first and second exten- 
tions It is noteworthy that the 
entire stress-strain cycle is re- 
producible The 30 per cent in- 
dex is the energy required to 
elongate a fiber 30 per cent after 
a treatment divided by the simi- 


TABLE 13 


moduli of elasticity for wool fibers from different 

BREEDS 


(Pounds per square inch.) 


Breeds 


Lincoln 

Oxforddown 

Cotswold 

Menno 

Southdown 


Total Stretch tn Millimeters 



372,374 

486,689 

345,662 

395,237 

523,813 


200,335 

269,263 

186,753 

233,950 

310,802 


139,367 

186,149 

130,236 

169,775 

223,349 


84,774 81,351 

09,250 101,780 


78,700 

09,486 

34,454 


73.343 

95,537 


Averages 424,755 240,221 169,735 133,500 103,333 88,003 
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lar energy requirement prior to the treatment, which in the above 
case amounts to 0 99. 

McMurtne established the moduli of elasticity of wool fibers 
(20‘-milIimeter length) from diflcerent breeds These results are 
found in Table 13 The modulus of elastiaty for merino wool is 
pretty nearly the average for the five breeds considered The value 
of the modulus diminishes very rapidly as the stretch increases. 

Resilience of Wool Fiber 

Resilience is the springiness of a fiber mass, or the ability of a 
fiber to come back to its original volume after being compressed. 
This property is especially predommant in wool. It is by reason of 
this quality that wool fabrics hold their shape, drape gracefully, aijd 
do not wrinkle easily This property is desired to a high degree in 
carpet wools There is no accurate way of measuring this property 
as yet The force with which the wool fiber resists compression is 
well known to the wool packer The various wools differ consider- 
ably in this respect 

Rigidity of Wool Fiber 

The rigidity of the wool fiber is the property which determines 
its resistance to the insertion of twist, and is, therefore, of gr®at 
interest in spinning The rigidity depends to a marked degree on 
the amount of water combined with the wool, actually, Jbei^idity 
of dry jyooI„iibers , ^is a ^ut fifteen ti mes g reat er tha n tl iardf"> ^oo* 
^Ee^ saturated, with-ivater. For this -jgaso n all jcnoESs-SPlSl^S 
rooms, arg ..e guip.p je d, wi th humuSfying systems to keep th ejiuflua^ 
of the sp innmg roo m, as Jiigh as ^s^le^ Hdimally irom 70 to w 
per cent relative humidity keep^fhe*5ioisture in wool between a lo 
and 18 per cent regain 

_Felting 

Felting, one of the most important characteristics of wool, is lack- 
ing m many other textile matenals, and is of a purely physical 
nature To make felting tossiMc a fiber must possess a surface 
sf.^„strucIuT^ea§rm"^^^mpion;:ana‘TKe;pb\^qf^?^^^^ 

ffimldeformaflDn Under the "influence of 'pressurer heat, ana 

moisture the wool fiber tends to migrate in the direction of n 
root end, owing to its scale structure. The outstanding scales ac 
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as fish hooks, which allow the fiber to move in only one direction 
The movements of the fibers agamst each other and the utilization 
of the air spaces brings about a veiy close interlocking Moisture 
and heat assist in making the fullest use of the fiber crimp, as the 
natural wave formation is especially favorable to the movements of 
the fibers Moisture favo rsJhe adhesion„of.-the £bers_toueach other, 
besides causi^n g a sw elling-and-jncreasing the .elongation and elas- 
fici^rDnly a few of the fibers in a yam possess complete freedom 
of movement, the greater number being free only along a part of 
their length, hence migrate by extension in a manner best described 
by Arnold in his "earthworm theory" as follows : 

The pressure of the fulling rolls brings about the closest possible contact 
between the fibers, whereby the scales find the necessary resistance on each 
other. The frictional movement forces the hair in the direction of its root 
end, either wholly or partly, causing a stretching Because of its elastiaty, 
the moist fiber tends to counteract this elongation This occurs in the direcuon 
of the root, and because the fiber is held in position firmly by the scales, a 
steady forward movement results When pressure is released the stretched 
fibers contract and cause shrinkage of the fibers by drawing other fibers 
together, forming a close and compact fiber mass 

Luster in Wool 

Wools vaiy considerably in luster It is natural for certain wools 
to be lustrous This luster cannot be noted m a single hair, but in 
locks and accumulated quantities Luster varies with origin and 
breed of animal and with climate The trade differentiates between 
<n/ wgz;J iisteCfgJiife.Juster,x^and^q/ojs'-Juster The silver luster is es- 
pecially promment in the finest and strongly crimped merino wools 
where it is often (Aaracterized as a mild luster. The silk luster is 
present in the long staple and long waved wools, represented by the 
English wools, and designated as "luster wools." The Lincoln and 
Leicester wools are especially valued for this reason. 

The highest, the glass luster, always points to fte straight, smooth 
hairs which are especially apparent in goat hair, such as mohair 
The glassy hairs on sheep are found on the head, neck,^ tail root, and 
lower part of the legs This variation in luster of different wools 
is of great value in the manufacture of certain types of materials, 
because it influences the beauty and vividness of color and ^pcar- 
ance of goods The luster of wools can be altered ^rough change 
in the physical structure Epidermis cells may have lost their 
smoothness, and the rough surface makes an unmvorable reflection 
surface Such wools are kno\vn as dull wools T.he^rough surface 
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ig ^used -»b3L,atniQsphenc>jnfluences„.or mildew \v^hcreb>vthe scales 
are partly destro}ecl or .dissolved. 

Color of Wool 


Wool from most domesticated breeds of sheep is nearly always 
white, though it may occur in the natural coIq.ks joLgray\ brown«,o^ 
^nlack The degree of whiteness may vary considerably. Of the 
‘^om^tic wools, the Wyoming wools arc known for their w'hitcness, 
whereas many Texas wools are more ivory In shade. Australian 
wools are generally pure white. South American wools, such as 
Montevideo w ools, and some of the Buenos Aires w'ools, may range 
from light ivory to dirty ivory' shade In some instances the whole 
fleece is colored, w'hereas m others the color may be limited to the 
head and leg parts For example, the English Down sheep are 
recognized b) the chocolate-browm or black hairs covenng part oi 
the head and legs Thejargest^amount of-colored, wools is produced 
b} the primitive breeds growing carpet w'opl pes. 

Beyond the difference in color, there is no noticeable difference 
in structure or properties between black wool and w'hite wool 

Climate seems to have no influ* 


ence on the occurrence of black 
wool, and it is as liable to ocj^ 
jn one breed as in another The 
amount of black wool appeanng 
in the American domestic breed 
IS about 3 to 5 per cent of the 
total clip 

The color is produced by pig" 
ments, which are distributed 
mainly through the cortical and 
medullari' cells There are two 
forms present: diffuse or no^- 
granular and the granular, the 
latter form predominating, th 
epidermis cells are free fron 
coloring matter The photo- 
micrograph of Fig. 24 illustrates 
these facts 



Fig 24 Cross section of 
colored wool fibers (X ouu J 
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Specific Gravity of Wool Fiber 

Wool IS one of the lightest natural textile fibers The density 
or specific gravity of wool is one of its fundamental characteristics, 
which seems to be more or less constant m all varieties and con- 
ditions of the fiber. Specific gravity of wool, as recorded in the 
literature, vanes according to the liquid used in its determination 
According to King, the specific gravity as found in benzene seems 
to be the correct value, established^as 1 30 4 Van Wyk and Nel de- 
termined the specific gravit}'^ of fifty-four samples of South African 
merino wool. The mean value was 1 3052 at 25° C , water at 
4° C, with a standard deviation of ±0 0035 and a coefficient of 
variability of ±027 per cent No correlation was found between 
specific gravity and fiber fineness 

No appreciable differences are found in medulla-free wools, 
whether merino or crossbred Lower values are obtained in medul- 
lated wools as the tendency toward kempy nature increases This 
IS undoubtedly due to the incomplete removal of the air present 
in the medulla 


Moisture Content of Wool Fiber 

Wool is more hygroscopic than any other fiber. However, the 
amount of moisture varies considerably according to the humidity 
and temperature of the atmosphere 

The condition of the material also has an effect upon its moisture 
content The presence of more or less hygroscopic wool fats, oils, 
acids, and alkalies, the degree of looseness or compactness during 
manufacturing, and the changes the fiber undergoes in procMsw 
such as scouring, dyeing, steammg, and drying are all factors which 
may influence the moisture content The effect of the lengthy of 
time during which atmospheric humidity acts upon the fibers is im- 
portant The change of the moisture content depends greatly upon 
the nature of its surface accessibility For instance,^ wool. _ 

pat-inHrhin-iayers-is-mfluencf d.-faiv-more .easjly Jh|CO:ompressed^or 

baled wool, especially that stored in large piles in closed warehouses 
"^larfrom thrarea’of "surface exposure, the rate with which the 
fiber takes up or relinquishes moisture dej^ds chiefly upon the 
time of exposure to a particular humidity Generally spiking, up 
to a certam point, the rate of moisture desorption exceeds the rate 
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In practice, 

atoepte^of d,S^kL^‘, "'«*■“ "">■» >>y *> 

recorded in Table 14 ^nstant temperature are 

Research Association * P ed by the English Wool Industries 


Table 

^^V^AG^STUREMGAINOPWOOLINVARIonsPOEMS 


^ ^ ■Atmosphere (Per CerU) al 72® p 

Va'-ioxts Vorms 43 3 ! SS 4 . mi , 

62 3 ,4 6 81 S 86 2 

« 


Regain (Per Cent) 2fean J’alues 


Scoured v'ool 
Card ball 
Backwasasd ball 
Nods 
Tops 


Yarns 


12 08 
12 13 
1192 
11 66 
11.77 

12 22 I 


14 22 
14 35 
1419 
13 59 

13 94 

14 36 


16 55 
17.02 
16 86 
15.79 
16 56 
16 86 j 


17 86 

18 73 
18 52 
17.17 
18 12 
18 50 


19 61 

20 86 
2058 
18-89 
2015 I 
2031 


than that «teb]ish^^nr°<fr"'°°!?^ grease is considerably lower 
showm in Table IS coured %vool. Sommer reports the figures 


TABLE 15 

moisture content op grease 'WOOL IN PERCENTAGE OF 
dry "WEIGHT 


Rdative Sutmdity 
(per cent) 


Moisture Reeatn 


tsture Mega 
(per cent) 


60 to 8 5 
7.2 to 9.7 
8 5 to 110 
9.6 to 12 2 
11 0 to 13 0 
39 0 to 48 0 
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A study of the variation in the content of the hygroscopic mois- 
ture in worsted yams has been made by Hartshome. This study led 
to the establishment of a standard for conditioning wool in the 
United States 

The complexity of the behavior of the wool toward moisture has 
been clarified considerably by Speakman, Stott, and Cooper. Speak- 
man was the first to show that a marked hysteresis exists in the 
moisture content of wool between adsorption and desorption con- 
ditions In dealing with six different types of wool, Speakman 
found them remarkably similar in adsorptive power, the affinity 
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for water appears to increase slightly as the wool becomes coarser. 
In viev/ of the alternations in the adsorption and desorption experi- 
enced by wool in everyday processing, it is important to know the 
range of humidity over which wool must be dried in order to pass 
from the state of taking up water to the state of giving off water, 
when the regain is below saturation In their latest study, using 
Australian 70s merino wool, Speakman and Cooper obtained the 
data represented in graphical form in Fig 25 and in Table 16. The 
temperature maintained throughout these tests was 25® C (77°F ) 


TABLE 16 

INFLUENCE OF HUMIDITY ON MOISTURE EQUILIBRIUM ON WOOLS 
ADSORBING AND DESORBING AT 77“ F. 


# 

Relative humidity 

20 

40 

60 

65 

70 

80 

90 

(peif cent) 
A^orption 

63 

10 0 

13 5 

14 4 

15 5 

181 

219 

231 

Desorption 

75 

112 

14 8 

15.8 

16 9 

19.4 


As shown in Fig. 25, the short-range desorption experiments define 
the course of drying from adsorption to desorption conditions for 
wools at different mitial regains. The range of humidity over whicn 
wool must be dried in order to pass from adsorption to 
desorption conditions seems to be independent of regain and is about 
18 per cent. 

In regard to the influence the temperature of drying has on the 
affinity of wool for water, Speakman and Stott reaped the follow- 
ing conclusions. (1) When wool is dried from regains below satura- 
tion, Its absorption power decreases with increasing temperature o 
drying The reduction is produced by partial as well as compie 
drying, but not by drying from saturation, nor by heating wool a 
a low temperature (2) A normal affinity for water may be r®storco 
to wool which has been dried at a high temperature, by 
It to reach saturation with water vapor. On the other hand, tn 
reduced adso^tive power of the wool heated over water at ® 
temperature is irreversible The results of their studies are show 
in Fig. 26 . 

Interesting results were obtained by Wiegerink in the 
tion of the amount of moisture retained by tiie various 
brought to equilibrium at temperatures ranging between luu 
(378®C) and SOZ^F (ISQOC.), with various humidities at eacn 
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temperature to eharactenze the detSulS 

rtlatonship This infonnation provtte » mavTe ap? 

?rL» process uuder^efimte 

moisture content which ^ fibe^^^unng drying is maintained 
atmosphere in contact with ®er ^urmg g 

at any desired ,s to be used if the fiber is initially 

curve for tiie mven if the fiber is initially 

wet, and the adsorption ^ ^ apply, of course, only 

S^tte'^l^pSfeSSfd The Wo wools tested were m the form of 
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as 2 per cent in scale weight between port of embarkation and its 
destination in the United States. Because importation of wools in- 
volves duty considerations, the importance of this factor is evident 
In the commercial relations between wool dealers, manufacturers, 
and government agencies, this has led to the establishment of 
conditioning houses, where the actual amount of fiber and moisture 
in any given lot of wool, top, or yarn is carefully ascertained The 
true weight is based on a standard per cent of moisture or "regain.” 
In Europe, this practice has been long established, whereas in this 
countiy its development is quite recent. Table 17 shows the specifi- 
cations in use in tiie United States 

TABLE 17 

AMERICAN MOISTURE REGAINS 

Form or Condition Regain Per Cent 

Scoured wool 13 63 

Dry-combed top (French) 1500 

Oil-combed top (Bradford) 1500 

Woolen yarns 1300 

Oil-spun worsted yarn (Bradford) 1300 

Dry-spun worsted yarn (French) 15 00 


The U S Treasury Department specifies 12 per cent moisture 
content for scoured wool to be used for calculating the clean net 
weight of grease wool. Table 18 shows the specifications for mois- 
ture regains in use in Europe. 


TABLE 18 

EUROPEAN MOISTURE REGAINS 


Form or Condition Regain Per Cent 


Washed fleeces 
Scoured wools 
Top in oil (Bradford) 

Top i.Frendi) 

Bradford and French worsted yams 
French noils 

Noils (Lister and Noble) 
Carbonized and scoured noils 
Shoddy 
Woolen yams 


1700 

1800 

1900 

1825 

1825 

1600 

1600 

1700 

1700 

1700 
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Electric Properties of Wool 

Wool IS a poor conductor of electricity It is easily charged, 
however, with electricity by friction, forming static electricity which 
often interferes m carding, spinning, and dry finishing. This is 
particularly noticeable on dry, cold winter days, when low relative 
humidity reduces the moisture content in wool below 12 per cent 
Errera and Sack found that the dielectric constant of wool and 
mohair fibers and human hair is 4.2, at frequencies between 13 mil* 
lion cycles and 120 kilocydes 

Thermal Qualities of Wool 

There has been a wide divergence of opinion regarding the 
warmth of wool as compared with cotton, silk, and rayon fibers and 
fabrics Throughout the literature on the thermal properties of 
textiles, there are a general lack of data and great discrepancies 
in the results 

One of the necessary conditions for human body comfort is that 
the skin temperature be maintained at PPR This requires that the 
total heat losses be just balanced by the heat produced within the 
body If more heat is lost than is produced, the skin temperature is 
lowered, similarly, if more heat is produced than is lost, the skin 
temperature nses One becomes uncomfortable if the skin temp^®' 
tura changes more than one or two degrees in either direction The 
body s natural methods of counteracting abnormal skin temperature 
are w exercise ^shivering is a form of exercise) when it is too low 
and by greatly increased perspiration when too high. , 

Clothing serves as a protective layer over the skin to 
excessive heat exchange between the body and its surroundings This 
protective layer greatly decreases the circulation of air next to the 
skin thereby reducing the heat loss from the body when the surround- 
ing air IS cooler than skin temperature It also decreases the amount 
of heat absorbed by the body when the surrounding air is warmer 
than skin temperature It is obvious then, that the effectiveness o» 
clothing in keeping the body comfortable will depend on a number 
of factors, the most important being (1) the insulating properties oi 
the fabric used, (2) the surrounding air temperature, (3) the styling 
of the clothing, (4) the activity of the body, and (5) the wind ve- 
locity. The first of these factors is of primary interest and will be 
discussed at some length after the other factors have been briefly 
considered 
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Clothing design lias considerable effect on thermal properties Open- 
necked coals or sleeves and flapping trouser bottoms permit a very 
substantial increa‘;c in air circulation o\cr that when these areas are 
tightly closed Similarly, any motion of either the air or the body 

ill also increase the heat loss An increase in the difference between 
the skin and surrounding air leniperaturcs requires greater insula- 
tion, as we all know. 

Scientific tests made of the insulating properties of fabrics have 
produced some astonishing results They are astonishing only because 
of their contradiction of common conceptions, actually, upon careful 
consideration, they arc most logical. 

The thickness of a fabric determines its warmth This fact has 
been proved conclusivd}' by several independent scientific studies 
After an exhaustive study of warmtli of all types of blankets, Schiefer 
of the National Bureau of Standards concludes 

Tiic analysis of many thermal transmission measurements indicates that the 
kind of fiber has no effect on the thermal insulation of fabrics The small 
effect which might be due to the kind of fiber is either too small to measure 
or is masked by other factors which have a much greater effect As far as 
the measurable propcrUcs of blankets are concerned, the only property which 
IS definitely related to the kind of fiber used is the compressional resilience 
The compressional resilience of blankets is related linearly to the wool content 
of wool-cotton blankets The relationship has not yet been established for 
other fiber mixtures, except that we know that viscose rayon lowers the 
resilience more than cotton, and that acetate seems to lower it less Since a 
definite relationship exists between the thickness and thermal insulation of 
fabrics it follows that if any factor affects the thickness it would likewise 
affect the thermal insulation A blanket containing all wool and having a 
high compressional resilience probably will retain its original thickness more 
nearly during use than a blanket made from cotton or viscose rayon It 
therefore might be expected to retain its original thermal insulation more 
nearly than a cotton or rayon blanket 

The Forstmann Woolen Company has done considerable research 
on the thermal properties of fabrics Fig 28 shows the variation of 
warmth with fabric thickness, as determined by their work Warmth, 
or thermal insulating value is defined as the ratio of the difference 
between the heat losses of the unclothed body and of the clothed body 
to that of the unclothed body, or 

Heat loss of unclothed body— Heat loss of clothed body 
Warmth s= Heat loss of unclothed body 

In this figure 100 per cent warmth would correspond to no heat 
loss through the fabric It is seen that a fabric 020 inch thick will 
give 29 per cent warmth, while the thickest coating, 250 inch thick 
Will give 72 per cent warmth. 
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It should be noted that a fabric twice the thickness of another fabric 
does not give twice the warmth; for example, a fabric .200 inch thick 
gives 70 per cent warmth while one .100 mci thick gives 60 per cent 
warmth In fact, any increase of thickness above 250 inch provides 
pxacbcallv no increase m warmth. It has been estimated that a total 
of twelve inches would be reqmred to reach 100 per cent warmth 
Since this cun^e is valid for all apparel fabrics it is evident that under 
oidinaiy conditions the warmth of a fabric is not affected by the 
wCight and construction of fibers used in the fabric, e. g, a cotton 
flannd is just as warm as a wool worsted if they are of the same 
thickness This predommence of thickness over all other fabric vari- 
ables in determining warmth has also been reported by Rees, Baxter, 

Cassie, Sommers 
and other work- 
crs 

While the 
above warmth 
curve was ob- 
tained with a 
wind velocity of 
12 miles per 
hour, the same 
general relation- 
ship between 
thickness and 
warmth holds 
for other wind 
^eeds. At higher 
wind speeds the 
warmth will be 
greater since the 
heat loss froni 

the unclothed 
body increases 

more rapidly 
than that from 
the clothed body 
This increase in 
heat loss with in- 
creasing wind 

Fig 28 Variation of warmth with fabric thickness speeds is due 
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primaril} to the decrease in the cfTcclivc thickness of the static air 
lajcr above the fabric Rees states the thiclcncss of this layer is .32 
indies in still air. 

The cfTcct of the openness or air permeability of a fabric is a 
somewhat disputed subject Results of tests conducted by the United 
Slates Testing Company for Forstmann Woolen Company show that 
there is no absolute permeability effect on warmth even at 24 miles 
per hour wind speed Rees obtained very little correlation between 
warmth and air permeability, however, Ncvin and Babbitt, Day, 
Summers and others have found that the openness of the fabric may 
be an important wannth factor, particularly under severe climatic 
conditions encountered in military applications 
It is generally agreed that the effectiveness of a fabric as an insula- 
tor is determined by the thickness of the air layer which has been 

TABLE 19 


Or frunnmn 
yd Sff'wide 
6 
7 
6 
9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Os jsq id 
387 
450 
514 
579 
643 

707 

772 

8M 

900 

965 

1029 

1093 

1157 

1222 

1286 

13 50 
1415 
1479 
1543 
1607 
1672 
1736 
1800 
1865 
1929 

1993 

2058 


Ptber yoltttnc 

Groms/ 

Fiber Volume 

cu vt fsq yd 

sq meter 

cu cm/sq meter 

513 

1305 

1004 

597 

1522 

1171 

682 

1740 

133 8 

768 

1958 

150 61 

8 53 

2175 

1673 

937 

2393 

1841 

1024 

2610 

2008 

1109 

2828 

2175 

1194 

3045 

2342 

12 80 

3263 

2510 

13 65 

3480 

2677 

14 50 

3698 

2845 

15 34 

3915 

3012 

1621 

413 3 

3179 

1706 

4350 

3346 

1790 

4568 

3514 

1879 

4785 

3681 

1962 

5003 

3848 

2046 

522 0 

4015 

21 31 

543 8 

4183 

2218 

565 5 

4350 

2302 

5873 

4518 

23 87 

6090 

4685 

2473 

6308 

485 2 

2558 

6525 

5019 

2643 

674 3 

5187 

27.30 

696 0 

535 4 
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entrapped by the textile fibers. Of course, a somewhat greater warmth 
IS obtmned with two fabric layers than with a single layer of the same 
total thickness due to the still air layer between the two fabrics The 
replacement of the entrapped air with a less efficient insulating material 
such as water, will greatly decrease the warmth of the fabric 

W en the thickness and weight of a wool fabric are known, it is 
f det^nune the percentages of fiber volume and air volume 
Table 19 gives the fiber weight and fiber volume of 
wool fabrics ranging from 6 to 32 ounces per linear yard The calcu- 
based on a specific gravity of wool of 1 3. Table 20 shows 
nf afr between fabric weight, fabric thickness and per cent 

a r on the volume basis This interesting relationship was developed 


TABLE 20 

FABRIC THICKNESS FOR VARYING FABRIC WEIGHTS 


% Volume Air 
Content 
Oz/rumune 
yd SO" wide 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


AND VOLUME AIR CONTENT PERCENTAGES 


80 


021 

.024 

.027 

031 

034 

038 

041 

.045 

.048 

051 

055 

058 

062 

065 

.069 

072 

075 

079 

082 

086 

089 

.092 

096 

099 

103 

.106 

.110 


81 

82 

83 

84 

85 

86 


Thickness in 

inches 



022 

023 

024 

026 

027 

029 

025 

027 

028 

030 

032 

034 

029 

030 

032 

.034 

037 

039 

032 

034 

036 

039 

041 

044 

036 

.038 

040 

043 

046 

049 

040 

042 

044 

.047 

050 

054 

043 

046 

048 

051 

055 

059 

.047 

.050 

052 

056 

059 

064 

050 

053 

056 

060 

064 

068 

054 

057 

060 

064 

069 

073 

058 

061 

064 

069 

074 

078 

061 

.065 

068 

073 

078 

083 

065 

069 

073 

077 

082 

088 

068 

072 

077 

081 

087 

093 

072 

076 

.081 

086 

091 

098 

076 

080 

085 

090 

096 

103 

079 

084 

089 

094 

101 

108 

083 

088 

093 

098 

105 

112 

086 

091 

097 

103 

110 

117 

090 

095 

101 

107 

114 

122 

094 

099 

105 

111 

.119 

127 

097 

103 

109 

.116 

123 

132 

101 

107 

113 

120 

.128 

137 

104 

.110 

117 

124 

133 

142 

108 

114 

.121 

128 

137 

147 

112 

.118 

125 

133 

142 

152 

115 

.122 

129 

137 

146 

.157 


by Mr. G H Lynen o£ the Forstmann e 

of 6 to 32 ounces pefr running yard, 56 inch wide 

of 020 to 250 inch correspond to the range of woolen and worsted 

>pp^ fabnS Produced It « 

of heater weight or thickness, since a garment made 

fabS would be too cumbersome; also, as previously stated. liMe 

bw hmiS oT6?uni^“o ml a"-inTby the d’Sculties 

air content range of 80 to yo per cent comewhat hiffher 

ptod«ct .s too stiff for 

table 20 

FABRIC THICKNESS FOR VARYING FABRIC WEIGHTS 
AIR CONTENT PERCENTAGES 
(Thickness in inches) 


87 


032 

037 

.042 

047 

053 

058 

063 

068 

074 

079 

084 

090 

095 

100 

105 

111 

.116 

.121 

126 

132 

137 

142 

148 

153 

.158 

.163 

169 


88 


034 

040 

046 

051 

057 

063 

068 

.074 

080 

086 

091 

097 

.103 

.108 

114 

120 

126 

131 

137 

143 

148 

.154 

160 

165 

171 

177 

.183 


89 


037 

044 

050 

056 

062 

068 

075 

081 

087 

093 

100 

106 

112 

118 

125 

131 

137 

143 

.149 

156 

162 

168 

.174 

181 

187 

193 

.199 


90 


041 

048 

055 

.062 

069 

075 

082 

089 

096 

103 

110 

116 

123 

130 

137 

144 

151 

158 

164 

.171 

178 

185 

192 

199 

.206 

.212 

.219 


91 


046 

053 

061 

068 

076 

084 

091 

099 

107 

114 

.122 

129 

137 

145 

152 

160 

167 

175 

183 

190 

198 

205 

.213 

221 

228 

236 

244 


92 


.051 

060 

069 

077 

086 

094 

.103 

111 

120 

128 

137 

146 

154 

163 

171 

180 

188 

197 

206 

214 

223 

231 

240 

248 


93 


059 

069 

078 

088 

098 

108 

117 

127 

.137 

147 

157 

166 

.176 

186 

196 

206 

215 

225 

235 

245 

255 


94 


069 

080 

091 

.103 

114 

126 

137 

148 

160 

.171 

.183 

194 

206 

217 

228 

240 

251 

263 


95 


082 

096 

110 

123 

.137 

151 

.164 

.178 

.192 

206 

219 

.233 
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ordinary garments but is useful for some grades of felts. A fiber 
content of 5 per cent is the minimum amount required in producing a 
practical fabric such as a soft fleece It is important to note that this 
fiber content range of 20 to 5 per cent shows that fabrics of the same 
weight may vary in thickness by 400 per cent 

The following examples illustrate the use of Table 20 

1. \^0lat is the percentage air volume of a 12 ounce worsted suiting 
075 inch thick ^ 

Ans From 12 in the left hand column follow horizontally to the 
thickness of ,075. Since 075 is in the column headed 89, this fabric 
contains 89 per cent air. 

2 What is tlie thickness of a 16 ounce fleece containing 95 per 
cent air^ 

Ans From 16 in the left hand column follow horizontally to the 
column headed 95 per cent air and read 219 inch thickness 

3 What is the weight of a doeskin 092 inch thick containing 80 
per cent air? 

Atts Find the 092 inch thickness in the column headed 80 per 
cent air, then follow to the fabric weight column on the left and read 
27 ounces. 

Combining the information in the above table with the w'arnitli 
curve, Fig 28, it is seen that it is possible to obtain equal warmth 
with two fabrics of entirely different character For example, a well 
napped 16 ounce fleece coating, containing 95 per cent air w'as found 
to be just as warm as a 32 ounce overcoating containing 90 per cent 
air, as they were both 219 inch thick Similarly, a 27 ounce doeskin 
containing 80 per cent air gave no more insulation than a 10 ounce 
flannel containing 92 5 per cent air, as they were both ,092 inch thick 
Of course, there is a great difference in the serviceability of these 
fabrics 


TABLE 21 

WEIGHT AND THICKNESS RANGE OF 


Use 

Ladieswear 

Dress material 
Suiting . 

Coating 

Menswear 

Tropical worsted 
Suiting & panting 
(Summer) 
Suiting, winter . 
Top coating . 
Overcoating 


Os /linear 
yard-— 56" 

6— 9 
8 5—12 
12—18 

8—10 

8—12 ' 
12—16 
16—20 
20—32 


WOOL APPAREL FABRICS 
Wetff/i/ Thtcincss 

os /sq yd OOo lb Inv 


4 — 6 
55 — 8 
8 - 12 


020— 035 
030—070 
OSO-2SO 


5— 65 025—035 


5— 75 
75— 10 
10—125 
125— 21 


030— 070 
050- 0^ 
070-150 
130—250 
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Table 21 lists the norninl ranges of weight and thickness of the 
various types of wool apparel fabrics From the previously explained 
thickncss“WMmith relation it is obiious that the above mentioned 10 
ounce flannel having a thickness of 092 inch is suitable for winter 
wear even though, according to its weight, it could be classified as a 
summer fabric, and is also suitable for wear without a coat in the 
spring 

From a w*armth angle, fabrics should be divided into thickness ranges 
rather than weight ranges as shown in Table 22 

TABLE 22 

THICKNESS RANGE OF WOOL APPAREL FABRICS 

Thickness 
in inches 

Ladicsucar 

Dress material . .. 020— 035 

Suiting 025—040 

Coaling •• 040*™,250 

Menswear 

Summer suiting and panting . . . 025 — 040 

Winter suiting . 040 — 090 

Top coating . ... . . . 070—125 

Overcoating ... «. . ....... 125^^250 

The relationship of thickness and warmth discussed above holds 
for all normal climatic conditions However, there are additional fac- 
tors which are necessary for maintaining the comfort and health of 
the body. There must be sufficient ventilation through the clothing to 
permit the escape of the perspiration evaporated from the skin When 
the amount of perspiration is greatly increased by severe exercise, the 
skin becomes wet, i e , the perspiration is sensible Under such con- 
ditions the clothing becomes moist by absorption of the perspiration 
Hock, Sookne, and Harris in a study on the thermal property 
of moist fabrics state. 

Practical experience has demonstrated that moist fabrics in contact with 
the body produce an unpleasant sensation commonly referred to as a "chilling 
effect” or a "clammy feel” The degree of the sensation varies with different 
fibers and fabrics, thus, on the basis of general experience, the merits of 
wool fabrics over similar cotton fabrics have long been recognized This is 
one of the reasons, for example, for the preference given to woolen under- 
wear and other garments for use in cold climates under conditions where 
physical labor causes considerable perspiration It also accounts for the 
approval usually expressed for woolen bathing suits 

The chilling effect or clamminess produced by moist fabrics in 
contact with the body was evaluated by measurement of the drop 
in temperature that ensues when the moist fabrics are placed on 
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an artificial skin surface, and by tests to measure the extent of 
contact between the fabrics and the surface. (See Fig 29.) 

Fabrics of various fiber composition and construction gave an ex- 
cellent correlation in these tests The extent of contact between the 
fabrics and the skin appears to be the significant factor. Tests show 
that those fabrics making the poorest contact cause the least chilling. 

The results of these experiments show clearly the progressive 
improvement of the fabrics with respect to chilling as their wool 
content is increased, and also the superiority of certain types of 
construction which minimize the extent of contact of the fabrics 
with the skin From this point of view the desirability of wool 
fibers, which are highly crimped and possess long range elastiaty, 
is apparent These properties permit a type of fabric construction 
which minimizes the extent of contact with the skin. In contrast, 


cotton exhibits considerable plasticity when wet and is less desirable 
from the same point of view. However, the results show that special 
^ types of construction, especially 

those which produce a napped or 
®1 *>*>.' ' * ^ ' ' ' fuzzy surface, reduce appreciably 
\ / contact which even wet cotton 

V fabrics make and thereby lessen 

^ the chilling effect 

I «« .. Another factor which plays an 

” ' 6 ^ ^ important part m this whole ques- 

I cotton, 50 siiwooT hon of warmth of textiles is the 

i hygroscopic property of the ma- 

E ° terial Cassie has shown ^ that 

hygroscopic textiles can give a 
“ large measure of protection 

s?- ■a... against sudden temperature 

° 7 Ka- w changes at the skin A tempera- 

change in the surrounding 
^ , atmosphere b^ns to be propa- 

100% cotton^ gated through textiles as if they 

had no hygroscopic property; but 

— ’ — * — ’ — 5 — — — *~Yq once the initial temperature is at- 
Time in minutes tamed, the rate of Aange of tex- 

^ ^ ... , tile temperature becomes very 

Fig 29 Thermal conductivity of van- slow 

ous wet fabncs delation between tern- « t. 

perature drop and length of contact 30 shows a curve obtame 

(J/ock, Sookne and Hams) experimentally for wool; air witn 


75% cotton, ‘ 
25% wool 


100% cotton^ 


Time in minutes 


Fig 29 Thermal conductivity of vari- 
ous wet fabncs delation between tem- 
perature drop and length of contact 
(Hock, Sookne and Hams) 
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40 50 

Time -min 

Fjg 30 Thermal transmission of a wool fabric (C 

nrl at 15°C (59°F.) v/as blov/n 
a constant water vapor fully conditioned The tern- 

through a cylinder of wool then raised to^31°C 

perature of the air entering t temperature v.ith time at 

(878°F ) and curve B Ae nse ^ tempera- 

the center of the cylinder I^P* , j 5 follov/ed by the slov/ 
ture of 22 5°C. is clearly "onhygroscopic, its temperature 

change to 31°C If the wool was The ratio of the timw 

would have increased foHov/ing curves B and C is roughly 

required to reach, say, 27 »y 

20 *1 « fivPTOScoptc textiles pre- 

Theory and experiment p^J^from reaching the sHn. Tlie 

vent sudden temperature c g jtandard deviation increases, 
degree of protection incrcas « ^ Increase or regain v jth 

and this factor is proP^^ Se S^ter the regain of a texule, 
relative humidity. Roughly, hence, the gr 



168 


American Wool Handbook 


the greater its protective power, provided, of course, that the ab- 
sorbed water does not give surface wetting of the fibers. Animal 
fibers are superior to others in this respect , they absorb more water 
than other textiles without losing their physical properties, in par- 
ticular they show no surface wetting. They have long been recog- 
nized as supreme in avoidmg sudden temperature changes at the 
skin, and there can be little doubt that this is due in a large measure 
to their high regains 

The compressional resilience of wool is, indirectly, its most impor- 
tant thermal property. The ability of wool fabrics to maintain Aeir 
thickness under nearly all conditions, thus entrapping a great volume 
of air, is attributable to the high resilience of wool fibers Even when 
wet, the fabric thickness is maintained and the contact area between 
the fabric and the skin remains low Thus, science has explained why 
■wnnl IS .suoerior to all other fibers for comfort 


Chapter 4 


CHEMICAL NATURE AND PROPERTIES 

OP WOOL’ 


Composition of Wool 


I N ITS chemical constitution raw wool is closely related to hair, 
horn, feathers, and other epidermal tissues A distinction should 
be made between the fiber proper and the wool as it comes from 
the fleece Wool in its raw state contains a variety of associated 
materials which are regarded by the user as impurities, though 
their presence is not necessarily a disadvantage, but a necessity for 
the well-being of the animal itself Because of (1) biological and 
genetic influences and (2) environment, including geographical, cli- 
matic, and nutritional factors, the quantities of these materials vary 
widely in different fleeces. 

These impurities may be divided into three groups, namely, 
natural, acquired, and applied. The natural unpurities, such as 
wool grease and suint, are secretions from the glands in the^sheep's 
skin and are deposited on the wool fiber during its growth to protect 
it against mechanical and chemical influences while it remains on 
the sheep’s bade. The term applied to all of the extraneous ma- 
terial of animal origin adhering to the fleece, including both the 
suint and the wool grease, is yol& The acquired impurities are 
picked up by the animal from the pasture during its growth They 
may be mineral impurities, such as dust and dirt and earthy mat- 
ter, or vegetable substances, such as straw, burrs, twigs, and glass 
The applied impurities are substances used in treatment against 
diseases and insect pests, such as dips, or substances put on the 
fleece for identifying purposes, such as tar or paint. The normal 
variations in impurities in various wools are seen in Table 1 ; the 
figures are expressed in percentages of the grease weight 


^This cliapter is largely talen from J Merntt Matthews and H R Mau^ber^, 
The Textile Fibers, Sth Edition, by permission of Ae pubHsbers, John Wiley & Sons, Ine., 
New York, 1947 
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TABLE 1 

VARIATION IN PERCENTAGE OP FOREIGN IMPURITIES IN WOOLS 


Sand Vegelable Wool 

Type of Wool Yolk andDtrt Mailer Motsture Fiber 


Fine 

20 

to 

so 

5 

to 

40 

OS 

to 

2 

8 

to 

12 

20 

to 

50 

Medium crossbred 

15 

to 

30 

5 

to 

20 

1 

to 

5 

8 

to 

12 

40 

to 

60 

Long wool 

5 

to 

IS 

S 

to 

10 

0 

to 

2 

8 

to 

12 

60 

to 

80 

Carpet wool 

S 

to 

IS 

5 

to 

20 

OS 

to 

2 

8 

to 

12 

60 

to 

80 

Hairs 

2 

to 

10 

5 

to 

20 

0 

to 

1 

8 

to 

12 

60 

to 

80 


Wool Fat, Wool Grease, Wool Wax 

These three terms, being substantially synonymous, are used to 
describe the “fatty” products obtamed from wool. However, the 
fatty secretion in wool is, strictly speaking, a wax rather than a 
^t, since It contains no glycerin m combination with the fatty acids 
Yet, wool wax in many of its chemical and physical properties dif- 
fers from other waxes Many of its constituent alcohols and acids 
, are not only unusual and complex, but also are not found in other 
waxes Aldiough wool wax cannot be used, therefore, as a substi- 
tute for other waxes, it has almost unlimited actual and potential 
uses of its own 

The purified form of wool wax, known as lanolin, is especially 
valuable because of its unique similarity to the compounds exuded 
by the glands of the human skin As an emollient lanolin is un- 
surpassed 

Lanolin is, for the most part, a complex mixture of complicated 
organic compounds known as steroid esters, the pfiptn i ral nature of 
which IS not yet fully understood The jBotany Worsted Mills’ re- 
searcm laboratory has reported that, the alcohohc portion of lanolin, 
which can be obtained by splitting the esters^ comprises about 40 
per cent by weight of the total, while the fatty acid portion from 
the same ester splittmg, constitutes the balance of about 60 per 
cent* About 14 to 16 per cent of the total weight of the lanolin 
consists of , cholesterol, Of this, 1 to 2 per cent is pres- 

ent in the free state, the remainder occurring as an ester ’ Analytical 
and physical data for wool wax are ^ven in Table 2 

The principal esters found in lanolin may be divided into three 
classes : the sterols, including cholesterol, meta-cholesterol, and iso- 
cholesterol, the triterpene alcohols, agnosterol and lanasterol and 
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normal aliphatic wax alcohols, such as cetyl and eery] alcohols. 
These alcoholic substances exist both in the free state and chemi- 
cally combined in the form of esters of numerous fatty acids, thirty- 
two of which have tlius far been identified Each class of alcohols 
comprises about one-third of the total unsaponifiable matter or 
alcohols of the wax. 


TABLE 2 

ANALYTICAL AND PHYSICAL DATA FOR WOOL WAX 


Characlenstic 

Wool Wax 

Ash content, per cent 

Acid value, per cent 

Iodine value (Wijs) 

Saponification value 
Hydrocarbons, per cent 
Unsaponifiable matter, per cent 
Free cholesterol, per cent 
Combined cholesterol, per cent 
Melting point, *C 

Specific gravily 

Refractive index 

04-011 

04-2 0 

19 8-30.0 

97 

Nil 

50 

30-45 

15 3 

37-38 

0 944-0 947/15 S'C. 

1.480/40'’C 

Source Gillespie, D T C, Report T3, Commonwealtli of Australia, Council for 
Scientific and Industrial Research InformaUon Service, February, 1946 

TABLE 3 

CORRELATION BETWEEN QUALITY OP WOOL AND 

GREASE CONTENT 

Quality 

Wool Fat 
(per cent) 


Pine (70s) 

H Blood (60s) 
\S8sS 
% Blood (S6s) 
14 Blood (48s) 


174 
12 7 
10 5 
98 
86 


Soaree- V«tch, P P, and Bwedict, L C , WmI Scouraw 
and Disposal Trans Am Inst Chem Rng 1925, June, p 3 22 


Wool Scouring Waste Liquors, Composition 


Owing to the recent recognition of their effect on human metabo- 
lism, the importance of the sterols, including cholesterol, ergosterol 
or pro-vitamin Dj, the sex hormones, digitalis glucosides, and the 
saponms, has increased Consequently, the importance of wool wax 
has also become greater, since although cholesterol, the best known of 
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the sterols, occurs in most animal fats, nowhere has it been found in 
such large quantities as in wool wax 
There is a definite correlation between wool quality and grease 
content, that is, the finer the wool, the higher is the grease content. 
This relationship can be seen in Table 3 
As shown in Table 1, the percentage of yolk varies widely in 
fieeces of various breeds of sheep and even in sheep of the same 
breed Not only does the percentage of yolk vaiy, but also the 
composition of the wool wax as can be seen from Marston^s analytical 
data on wool fats from Australian merino given in Table 4. 


TABLE 4 

VARIATION IN WOOL FATS FROM AUSTRALIAN MERINO WOOL 


Fat in 
Waal Sample 
(per cent) 

Sapont- 

ficalion 

Value 

Iodine 

Value 

VnsaPonifi- 
able Mailer 
cent) 

Free 

Cholesterol 
(per cent) 

Total 
Cholesterol 
(per cent) 

10 to 20 

92 to 107 

16 S to 19 

21 to 27 

35to 70 

7 5 to 160 


Lifschutz was the first to show that the amount of the wax and 
the composition of the wax vary even within the individual staple 
The composition of the wax obtained from the tippy portion of the 
staple was very different from that of the wmol wax taken as a 
whole (Table 5). The surface fat contains a much larger pro- 
portion of fatty adds and soaps; it also contains oxycholesterol in* 
place of the isocholesterol present in fat near the roots. He sug- 


TABLE S 

VARIATION OF WOOL GREASE FROM ROOT AND TIP PARTS 



South Artmcan 
Crosshred Woof 

ilontettdeo 
VcTtno If hof 

Ausirahan 
Slenno TV^fOi 


Boots 

Tips 

Roo * 

Tips 

Roots 

Tips 

Fat content per cent 

9 20 

4 30 

22 60 

19J0 

24.27 

14 21 

Add so of fat extracted 

15 6S 

25«70 

2 24 

14.56 

aiznoet 

neutral 

1792 

Acid no after saponification 

28 00 

50 40 

n 76 

27 44 

7 28 

28 00 

Free clio’cstcrol 

Traces 


Traces 

Traces 

Large 

amount 

Traces 

Free isocho^eeterol 

Large 

amount 

— 

Large 

amount 

Traces 

Large 

amount 

lYaees 

Free oxj cholesterol 


Large 

amount 


Large 

amount 

Traces 

Lajge 
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gcstcd that tlie changes arc brought about by hydrolysis and oxida- 
tion under the influences of moisture, hght and air 
The variability of the amount of wax in the wool of various 
breeds of sheep is accompanied by a similar variation ui the amount 
of suint which ranges from 2 to 1 ^ pei cent As the amount of 
wax increases, the amount of suinl also increases. Wright deter- 
mined tlie amount of suint in New Zealand wools as shown in 
Table 6. 


TABLE 6 

SUINT IN NEW ZEALAND WOOLS 

Creasy Wool, 
Percent 


^ Bred 
Js Bred 

Greasy Leicester 
Lincoln 


1272 

1030 

781 

226 


Ash in Wool 


Besides the mineral matter existing in the soluble suint, there 
is a small amount of mineral matter which appears to be an essen- 
tial constituent of the fiber itself It is left as an ash when scoured 
wool is Ignited It amounts to about 0 5 per cent and consiste or the 
alkaline sulfates, the majority being soluble in water.^ ^wm^ 
shows a typical composition of the ash of Lincoln wool in Table 7 


table 7 


PER CENT COMPOSITION OF THE 


Potassium oxide 

311 

Sodium oxide 

82 

Calcium oxide 

169 

Aluminum oxide) 


Ferric oxide ) 

123 


ASH OF LINCOLN WOOLS 


Silica 58 

Sulfuric anhydride 20 5 
Carbonic acid 42 

Phosphoric acid Trace 

Chlorine Trace 


Nature of the Protein Keratin 

The wool fiber is composed of animal tissues and ^ 

protein called keratin Protems are very complicated ^emiral com- 
pounds and keratm is no exception Wool fiber has ^ 

consist of five chemical elements— carbon, hydrogen, o^grgen, nitro 
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gen and sulfur Sulfur is distinctly characteristic of wool and all 
hair fibers. As its constituents are not rigidly constant in their 
proportion, no definite chemical formula can be assigned to wool 
Its chemical composition is as shown in Table 8 


TABLES 

CHEMICAL COMPOSITION OF WOOL 


Elements 

Per cent 


(Carbon 

50 


Oi^gen 

22 to 25 


Nitrogen 

16 to 17 


Hydrogen 

7 


Sulfur 

3to4 



The wool fiber as a whole does not appear as a homogeneous 
chemical compound, but is composed of several chemically distinct 
substances, a fact substantiated by recent researdi by Geiger, who 
states that the protein scale contains more sulfur than do the more 
digestible proteins of the cortex (Table 9) 

TABLE 9 

COMPOSITION OF UNTREATED WOOL AND WOOL SCALES 

(In per cent) 


Wool Scales 


ConsMuents 

Untreated 

Wool 

Analytical 

Value 

Corrected 

Valu^ 

Sulfur 

3 50 

483 

542 

Cystine 

122 

18 It 

20 3t 

Nitrogen 

1667 

1353 

15 17 

Arginine 

86 

43 

48 

Tyrosine 

61 

30 

33 

Serine 

95 

99 

112 

Ethyl groups 

00 

40 

• • • 

Ash 

02 

41 


Lipid 

• • 

27 

• 


* Corrected for the presence of ethyl groups and hound Itpid 
t Calculated from the sulfur content. 

Keratin is of amphoteric nature, exhibiting acid as well as basic 
properties with the basic predominant Through hydrolysis it decom- 
poses into various ammo acids, as Harris shows in Table 10 
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TABLE 10 

AMINO ACID COMPOSITION OF WOOL 


Avmo Acids 

Glycine 

Alanine 

Serine 

Prolinc 

Valine 

Threonine 

Cystine 

Leucine isomers 

Aspartic acid 

Lysine 

Glutamic add 

Methionine 

Histidine 

Hydroxylysinc 

Phenylalanine 

Arginine 

Tyrosine 

Tryptophane 

Total 

Ammonia N 
Total, corrected 


Percentage 
present 
f« Wool 

Grams of 
Residue per 
100 Grams 
of Wool 

Grams of 
Side-chain per 
100 Grams 
of Wool 

65 

494 

009 

44 

352 

074 

941 

780 

276 

675 

569 

246 

472 

399 

1.73 

676 

574 

2.59 

1272* 

1083 

489 

113 

975 

492 

727 

628 

322 

3^ 

289 

163 

1527 

1340 

7.58 

071 

062 

036 

07 

062 

027 

021 

019 

Oil 

375 

334 

207 

104 

933 

597 

58 

523 

343 

07 

064 

045 

11067 

9480 

45^ 

118 

—030 

—020 

for ammonia N 94 50 



• Based on 3 55 per cent total sulfur, subtracting methionine sulfur 


Hams, Mizell, and Fourt have summanzed present Imowledge 
of the molecular structure of wool and the factors which are re- 
sponsible for Its mechanical properties Proteins are polycondensa- 
tion products in which the different ammo acids are linked together 
to fom the polypeptide chain, shown in the following scheme 


— HN— CH— CO— HN 

i 


R 

r— I:h— co- 


-HN— CH— CO-HN— CH— CO 

k 


R 

The mechanical properties of such chains can be considered, in 

neral to depend on the following four factors . 

1 ^ibit great dexibnity. This enables the protein molecule 
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*-'i assume a great number of possible configurations which could be 
either of the folded or spiral type. The importance of this mole- 
cular flexibility was first recognized by Astbury and Woods, who in 
their earlier work on wool preferred a rather specific type of fold 
for the molecules of the fiber in the imstretched state, which they 
referred to as the o-keratin configuration The long-range extensi- 
bility of wool was ascribed to the opening of these folds into the 
more nearly straight chain configuration known as the j8-keratin 
form. The original o-keratin co^&guration has been shown to be 
untenable by Neurath, and a new type of fold has now been pro- 
posed by Astbury and Bell Such structures have been suggested 
on the basis of the x-ray data and should accordingly be found 
principally in the “crystalline” regions of the fiber. Since these 
regions account for only a relatively small proportion of the total 
wool fiber as indicated by the x-ray diffraction patterns, it appears 
that one may assume a more or less random type of folding in the 
“amorphous” regions which make up flie bulk of the fiber. That a 
variety of configurations can exist is readily demonstrated^ by the 
construction of molecular scale models of polypeptide chains. 

2 They possess a large number of the highly polar peptide 
linkages which give rise to inter- and intra-molecular hydrogen 
bondmg 

3. They contain relatively large side chains (R groups in the 
polypeptide chain), which prevent close packing of the protein 
molecules and thus decrease the extent to whidi hydrogen bonding 
can occur. In wool nearly all of the constituent amino acids are 
of the type having large side chains, as shown by the data in Table 
10 From these data it can be estimated that dose to SO per c^t of 
the weight of wool is in the side chains They exhibit association 
forces other than those contributed by hydrogen bonds, namely, the 
presence of covalent disulfide cross-links between the molecular 
dhains 

^ 4 Cystine (as first suggested by Astbury and Street) is respon- 
sible for a considerable amount of covsdent cross-linking in Ae 
fiber More recently, new chemical evidence has been offered which 
supports the original condusion of Astbury and Street Wool may 
thus be considered a network of polypeptide chains linked together 
by the disulfide groups of the amino add, cystine. Such a concept 
suggests^ that the role of cystine in wool is an important one and, 
indeed, it has been shown that many of the chemical, physical and 
biological properties of wool protein are dependent on the pre-sence 
of these cross-links. 
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Astbuiy and Spealmian suggest that the structure of the wool 
fiber, reduced to its simplest terms, consists of long peptide chains 
bridged by cystine and salt linkages as shown in its structural for- 
mula, Fig. 1. 


\o 

CO 

\rM 


y 

m 

\co 

-CH 


io do 

^CH- 

KH NH 

^co 

CH-CHi-S-S-CHt-CH 


eyiUat Itnkas* 


^CH- 

NH 

\ 

\ 


'io 

■A 

NH 

<fo 4. \co 

^CH — CH*-CH*-COO NHfCH»-CH*-CH«.CH»— CH 
VH jlaUmlc acid lyiiaa ^Nff 

^CO CO 

-<^H \CH- 

^NH m 

CO - ^ 

^CH -CHs^OO NHj-C-MH-CHi-CH*-CHi- c'H 
IW aspartic acid J|^ ar(ialac 

salt Iiakatcs 


^NH 

Co 


Fig 1 Structural formula for wool 
(Astbury and Speakman.) 

This structural arrangement accounts for much of the chemical 
stability of the wool molecules which make up the fiber. However, 
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it has been found that any reagent which will alter the state of 
this disulfide group m the cystine linkage will alter or destroy the 
physical structure of the fiber as a whole. In general, these groups 
Nare susceptible to attack by oxidizing and reducing agents, light and 
■Ikalis, Strong oxidization may result in practically no change in 
the outward appearance of the wool, yet the incipient damage may 
be so great as to render die wool nearly worthless This knowledge 
IS utilized in the practical control of bleaching and chlorination 
From the standpoint of dyeing and carbonizing, researches have 
further increased knowledge of the amphoteric nature, i e , the acid 
and basic properties, of the wool fiber. 

Nitrogen in Wool 

The presence of nitrogen in wool becomes evident by simply 
burning a small sample of the fiber. The characteristic empyreu- 
matic odor of nitrogenous animal matter is then observed Heating 
wool m a small combustion test tube shows that ammonia, which 
can be tested for, is among the gaseous products evolved 

Sulfur in Wool 

The sulfur in wool is present in the form of the amino acid, 
cystine, which occurs naturally to a greater or lesser extent m 
almost all protein foods and is an essential factor in body growth 
The possible significance of sulfur in the sheep diet, and its influence 
on the composition and properties of wool, was first pointed out by 
King and has been investigated by vanous workers. Sulfur is es- 
sential to the formation of wool substance, and a deficiency will 
result in an abnormal fleece 

Marston and Robertson, arguing from their conclusion that wool 
keratin has a constant percentage of sulfur, anticipated no altera- 
tion in chemical composition as a result of an enriched cystine diet, 
but an increase in the total fleece weight, proportionate to the extra 
amount of sulfur utilized by tihe animal for .wool production 

Experimental verification of improved quality and weight of fleece 
through cystine feeding, especially in the form of wool hydrolysate, 
is reported by the Division of Animal Nutrition, Adelaide Beadles, 
Braman, and Mitchell find that in rats an increased hair growth 
results from a cystine-rich diet On»the other hand, the evidence 
advanced by Barritt and King that the sulfur content in wool kera- 
tin is far from constant (as shown in Table 11) has been further 
strengthened by their more recent investigations with Pickard on 
Angora rabbit wool. 
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TABLE 11 

SULFUR CONTENT OF VARIOUS WOOLS 


Per cent Per Cent 

Sulfur on Sulfur on 

Type of Wool Dry Weight Type of Wool Dry Weight 


Cape merino 

400 

Turk^ mohair (fine) 

336 

Welsh Mountain 

397 

Devon lamb 

334 

Bladcfacc (fine) 

382 

Fine Ripon 

3.34 

Australian merino 100s 

376 

Blackface (coarse) 

333 

Peruvian (1924) 

375 

Blackface (kempy) 

324 

South African merino 

367 

New Zealand crossbred 

322 

Australian stud ram 

356 

Lincoln (white) 

310 

New Zealand 50s 

347 

Turk^ mohair (coarse) 

303 


Hams and his coworkers found similar large variations in the 
sulfur content of fur fibers and the various specialty hair fibers 
Their results reported in Table 12 comprise the average of three tests. 
All samples were solvent cleaned 

TABLE 12 

SULFUR AND NITROGEN CONTENT OF 
VARIOUS ANIMAL FIBERS 
(Diy weight) 




Sulfur 

Nitrogen 

Class 

Type 

(per cent) 

(per cent) 


Raccoon 

578 

1555 

Fur fibers 

Muskrat 

468 

1595 

Russian rabbit 

384 

1587 


Alpaca 

417 

1630 


Vicufia 

410 

1626 

Specialty hairs , 

Turkey mohair 

Texas mohair 

3 58 

292 

1640 

1651 


Camel’s hair 

341 

1648 


Cashmere 

3 39 

1642 


’ Domestic wool 

3 50 

1641 

Wools 

Cordova carpet 

332 

1629 

Egyptian carpet fawn 

325 

16 10 


Effect of Sunlight on Wool 

The wool fiber is affected by sunlight to some ext^t dunng its 
growth The photochemical decomposition in weathering' takes 
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place on the back of the an* 
imal, which is exposed to 
light. iLresuIts m a vellows. 
i sh .bx ow.n*»discoloratioD^c* 
companied by a harsh feel 
m the _^uppe.c^ tips ^-of)..±he 
sfaples on.the^ baclc,and-the 
flanks, of, the .animal It is 
caused by the formation of 
sulfuric acid from the sulfur 
present in the wool The 
exposed fibers become brittle 
and weak and also become 
sensitive to alkalies, which 
in the case of caustic soda 


Fig 2 Sunlight-damaged wool fiber after 
treatment with 0 IN NaOH 


causes a strong swelling 
eflFect, i e , curling of hairs. 
, , (Fig 2.) Von Bergen found 

mat the extent of the swelhng is, up to a certain limit, in direct 
proportion to the length of exposure to sunlight 
The relation between the 
amount of sunlight and the swell- 
ing with 0 IN NaOH is shown 
by the curves in Fig. 3 The 
damage done to raw wool, while 
still on the back of the sheep, 

IS proved by the data given m 
Table 13 

The photochemical decomposi- 
tion of wool has been further in- 
vestigated by Smith and Harris 
The deterioration, as evidenced by 
the decrease in cystine content 
and the increase in alkali-solubil- 
ity, ammonia nitrogen and sulfate 
sulfur, is accelerated by acids and 
decelerated by alkalies The extent 
to which wool is degraded dur- 
ing irradiation is directly proportional to the decrease in cystine 
content and to the increase in allcali-solubility. The sulfur content 



COO so 
Jbnovnt of hr 


MOO ttOO 


Fig 3 Relation between amount ot 
sunlight, exposure time and swelling 
with 0 IN NaOH on wool from 
posed woolen cloth (von Bergen ) 
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TABLE 13 

EFFECTS OF SUNLIGHT ON RAW WOOL 


End of Staple 


Ortgm 

Place on 
Ammal 

Width, 

Unswollcn 

(microns) 

Width 

Swollen 

(microns) 

Swelling 
(per cent) 

1 

bade 

2308 

4446 

9263 

Australian \\ooI 1 

belly 

2727 

2988 

96 

i 

back 

3506 

4523 

2900 

Virginia wool 

belly 

4208 

4437 

544 


back 

3349 

4342 

2965 

Wurttemberg wool 

Hanks 

33 00 

358 

85 


belly 

277 

293 

58 

Swiss mountain wool 

back 

2857 

5069 

774 


of untreated and acid-treated wool decreased during irradiation 
The data suggest that a portion of the sulfur in wool is converted 
to hydrogen sulfide, some of which is subsequently oxidized to 
sulfuric acid 

Action of Heat on Wool 


When wool is heated in dry air at 212° to 220° F (100° to 
105° C.) over a long period it loses its moisture and the fiber be- 
comes harsh and loses strength If returned to moist air, it rapidly 
reabsorbs moisture and regains more or less its softness and 
strength IL212°-F^js. exceeded^for anyjength jol.time.the^^ool 
wiII_5ecompose,_wiIl acquire a yellow color and ammonia^ Md 

hydnogen-sutfide -will evolve , r. j -kt-tt t j 

Studies made by Raynes show that H 2 S and NHg are evohred 
even at 212° F. when the heating is prolonged over 48 hours The 
most recent studies made by Stirm and Rouette show the effect of 
temperature, time, humidity and pH value on the decomposition of 
wool The amounts of NH, and H^S evolved by the proems were 
taken as a measure of the decomposition The amounts of NH, 
TT 9 inrrfisited raoidlv when the temperature- rose over 100 C 
and whfn the humidity increased When the wool was treated with 
alkali more NHb and H^S evolved, showing increased decomposifaon 
Wieaerink determined the effects of drying under selected condi- 
ttnne nf temoerature and atmospheric humidity on certain properties 

found IhS, for dothmg nnd carpet wools, the 
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effect of heat is less than the effect of humidity. This is particularly 
true of carpet wool, which shows the greatest deterioration at a high 
humidity Carpet wool is less. resistant to heat and humidity than 
clodiing wool. 

Wool when burned gives off a characteristic odor, similar to that 
of burning hair or feathers, due chiefly to the presence of nitrogen 
in the compound. Whfen removed from the flame, wool will stop 
burning and each single fiber exhibits A black knob or charred 
globule on its end Wool is, therefore, fire resistant The vapor 
coming off during the burning process has an alkaline reaction, 
turning moist red litmus paper blue. v 

Action of Cold on Wool 

The mfiuence of a low temperature on wool has become of im- 
portance since the introduction of the frosted wool process The 
wool is treated at temperatures from 40“ to 60“ below 0“ F. The 
wool is still pliable, > only vegetable and fatty matter being frozen, 
enabling it to be separated from the wool by mechanical action 
Low temperatures. have no chemical effect on the. fiber. 

Effects of Water and Steam 

Water and steam, respectively moisture and heat, are the basis 
of many finishing processes When wool is exposed to water, cold 
or hot, and steam, with or .without tension, the behavior of the wool 
substance shows^ important characteristics As a plastic substance. 
Similar to^ horn, it will change its shape and its affinity toward dyes 
Wool IS insoluble in water under ordinary conditions. Poj^|:d^Q^’ 
t^^ayrs jn^msDll^water, ^e wool ^osesjapproximately^a ^quarter 
PXil® Humfield, Elmquist, and Kettering re- 

ported a 29 per cent decrease in strength of a serge fabric through 
twelve hours’ boiling in 'water In cold and warm water the fiber 
swdls or increases in size approximately 10 per cent (chemically 
damaged wool may swell 20 per cent or more), but, on drying, the 
fiber returns to its former diameter . With water under, pressure at 
temperatures above 250° F., wool dissolves In dyeing~pcocesscS.Ji*^ 
,^qding^time mfluenpe^s the'breato strengA 

Steam (212° F.)>when applied^ for a swrt timeJias no damaging 
effect, -but lextended periods of application attack the wool to a 
point where it loses^ all its strength. Elliot reports a wool fabric 
losing 5 per cent of its average dry breaking strength after twenty- 
five hours in the dry heat of an autoclave at 100°' C but 75 per,‘ 
cent after the same treatment in. moist heat, at 120° C the corre- 
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spending losses were 16 per cent and 100 per cent. Browning of 
wool has been described by Fort as progressive with duration of 
steaming and is greater at 100® C. than that brought about by boil- 
ing water or dry heat., A. wool steamed at 99® to,i00°-..C. for_3,..6, 
12, 24, ,3 6., 48. and 60Jiours*was observed shy Scheurer to lose 18, 
50, 64, and 74 per cent of its original strength. 

Walde, Barr, and Edgar showed that the degradation of wool by 
steam increases with increasing time or pressure. The mechani- 
cal failure is more rapid than loss of weight, nitrogen,^! sulfur, 
indicating a breakdown of fibrous structure preceding^eVorma- 
tion of soluble degradation products, as shown m Tables 14 ^d 15. 

TABLE 14 / A 

EFFECT OF STEAM AT VARIOUS PRESSURES’ 

ON WOOL FABRIC 


(Tunc, one hour) 


/. 


Residual Kerahh 


Steam 

Pressure Tent- 
[lb per perature 
sq iM.) (“C.) 


Weight 
(percent 
of wool) 


Nitrogen 
(percent 
of wool) 


Sulfur 
(percent 
of wool) 


Breaking 
Strength 
of Wet 
Warp (lb 
perm ) 


Elongation 
at Break- 
ing Load 
(percent) 


0 

10 

15 

20 

30 

40 


1000 

994 

1644 

388 

13 

50 

115.2 

990 

1644 

374 

11 

55 

1210 

991 

16.25 

3 75 

8 

40 

1260 

989 

1636 

375 

2 

49 

1345 

987 

16 13 

368 

<1 

• • 

141.5 

939 

1572 

3 33 

<1 

• • 


TABLE 15 

EFFECT OF STEAMING TIME ON WOOL FABRIC 
(Steam pressure 10 lb , temperature 1152° C ) 

Time 

(hours) 


Residual Keratin 



Weight 
(per cent 
of wool) 

Nitrogen 
(per cent 
of wool) 

Sulfur 
(per cent 
of wool) 

Breaking 
Strength of 
Wet Warp 
(lb perm) 

Elongation 
at Break- 
ing Load 
Xpercent) 

0 

1000 

1649 

399 

IS 

56 

1 

990 

1644 

3.74 

11 

55 

3 

991 

1639 

376 

7 

42 

5 

986 

’ 1580 

369 

2 

47 
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Humfield, Elmquist, and Kettering reported that three intermit- 
tent, steamings of, half an.hpufv each ^t 100° C of serge fabrics pro- 
duced 93 pjEX-c ent loss in strength ir^ex, while four steamingSt.in-^ 
creased the Joss, J:o.^^,peiCcent''lnautoclaving the same fabric dry 
and wet for half an hour at IS-pounds steam pressure, the loss in 
the strength index was,J:.6^er.^t Jpr the dry a gd 31 2 per cent 
for ihe^jvet, which indicates that the effect of dry heatl'^lesslda^- 
agmg than wet steam. 

Plastic Properties of Wool 

Concerning plastic properties, the following principles govern the 
behavior of wool* first, if wool in the dry state is deformed by 
imposmg some strain, for example, in the process of spinning, the 
fiber will tend to recover its original form when the humidity is 
increased This may be brought about by wetting out or exposing 
to a moist atmosphere like steammg Second, wool l oses 
almost completely, i.e . beconies,j>lastic,~ihlhdihng waters. Third, the 
behavior“df i£ev^qlJmi^eEltheanf&ence_.o£]^pisturie;-andJheatJs 
gieatlv^ecteC}>y^t5hcand.Jemperature The plasticity of^v^ol 
mCmses Rapidly with a rise of ipmperaturetand'may^e^ 
miO]S^tch.e d''fib^rs. a fter steaming? fdjc^amplp, arejipjongen^e 
to_retyxn.:to-..their origi^l, len gth whe n releasedlin cold-,'ffiat«^" 
pt^r^ or ds. thev^fa l^'T'/i^rmanaiEset.V 

This IS the basis of finishing processes such as “crabbing” nnd 
“blowing” The conditions for the realization of a permanent set 
were determined by Speakman, and a discovery was made that the 
“set” imposed at any one temperature is permanent only to water 
at a lower temperature than that at which it was imposed This 


TABLE 16 

LENGTHS OF COTSWOLD WOOL CELLS FROM FIBERS 
SET IN STEAM AT VARIOUS EXTENSIONS 


Extension 
of Fibers 
(per cent) 

No of 
Cells 

Mean 

Length, 

(microns) 

Standard 

Deviation 

(microns) 

Extension 
of Cells 
(per cent) 

100 

224 

114 

254 

5 

150 

202 

118 

254 

8 

195 

130 

121 

264 

11 

200 

246 

120 

264 

10 

30.5 

203 

1315 

27.0 

21 

400 

216 

1445 

277 

33 

530 

203 

155 

304 

42 
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discover)' has far-reaching consequences in connection with wool 
finishing processes, particularly London shrinking, tentering, and 
llic production of crepe effects m wool goods Woods found that the 
temporary set developed m fibers when stretched and steamed is 
not due to the intercellular material but is a property possessed 
by the cortical cells as units A direct relationship exists between 
the extension of steam-set fibers and the extension of the cortical 
cells, as shown in Table 16, where all fibers were measured in water 
and llie normal length of wet cells was 109 microns. 

The elongated cells recover only partially when they are boiled 
in water, and the permanent set remaining is of the same order as 
that which the fibers would have shown Permanent set is thus also 
a property of the cells themselves 

Cotswold wool fibers which have been relaxed m dilute causti* 
soda can also be disintegrated into cells which recover during the 
process to something less than the normal length These relaxed cells 
can be supercontracted still further by broiling water In this way 
cells of about half the normal length can be obtained, their crystal- 
line part shows itself in the ^-form, just as does that of highly 
supercontracted fibers 

By the combined action of lateral pressure and steam the cells 
from normal fibers may be compounded into coherent transparent 
sheets which ar e elastic in col d water for extensions un to_abput 
50 per ce n t arid are jextensiblejn^steam or caustje'soda by .twice, this 
amount T hese sheets can be relaxed, set and supercontracted in 
the same*way as fibers and their tensile strengfth in water is about 
25 per cent of that of fibers This suggests that the coherence de- 
veloped during the steam treatment is similar to the development 
of permanent set in a stretched fiber 

Isoelectric and Isoionic Points of Wool 

On the significance of these two points Harris pves the follow- 
ing explanation* 

It has generally been assumed that the isoelectric point of wool represents 
the point of maximum stability of the fiber Although the isoelectric points 
of some proteins appear to be dose to the pomts of maximum stability, they 
are not necessarily the same Actually, it is possible for the stability region 
of a protein to be far from the isoelectric point Whether the point of maxi- 
mum stability will be at or near the isoelectric point will depend upon the 
reactivity of specific linkages in the molecules For example, assume that a 
protein containing disulfide linkages from the amino aad cystine has an 
isoelectric point in the alkaline region as a consequence of a high content of 
either lysine or arginine In view of the known instabihty of disulfides in 
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even weakly alkaline solutions, it is very unlikely that the point of maximum 
stability of such a substance would be located near its isoelectric point 
The concept of isoelectric and isoionic points can be utilized in practical 
wool processing: Since the isoionic point involves only the acidic and basic 
properties of the fiber, it should be considered m studying such wool processes 
as are related to these properties Dyeing with soluble dyps, felting, oto 
removal of ash constituents from the fiber are processes that probably fall 
within this category In addition, the swelling and tensile properties of wet 
fibers are a function of the state of their acidic and basic groups 
The isoelectric point, on the other hand, is concerned primarily with the 
total net surface ^arge and must only be considered in relation to processes 
involving either the removal or deposition of materials on the surface of the 
fioer In other words, it would play an important part in such processes as 
scouring and finishing Scounng is facilitated when the charge on a fiber 
and the charge on the material being removed from the fiber are the same 
and therefore tend to repel each other For example, dirt particles and 
particles of most inert substances cariy negative charges Obviously then, 
such macroscopic particles are best removed from fibers which also have a 
large net negative charge Similarly, the deposition of certain finishing mate- 
rials on fibers or fabrics is best accomplished when the charges on the fibers 
*natenal to be deposited are of opposite sign Although the dyeing 
problem is undoubtedly more complicated, it is probable that dyeing with 
colloidal dyes is related to the isoelectric point 

In acetate buffers, the isoelectric point of wool scales and cortical 
cells was found to be at 45 Samples of ground or powdered 
wool show an isoelectric point at 4.2 The isoionic point of 
commencement of combination of the wool fiber with acid, accord- 
ing to Speakman, is around 48 and 50, which "is in close 
agreement with Elod’s figure of 5 0 Harris states that m the 
absence of salt the pTL at zero combination is in the range 4 7 to S 1 
Wool does not combine with any significant amount of alkali below 
^H 10 and for general purposes may be regarded as possessing an 
isoionic range from 5 to 10 

Acid and Basic Nature of Wool 

In its chemical reactions wool exhibits the characteristics of both 
an acid and a base The reason for this amphoteric nature lies m 
its composition — j Lt_ coirtains vario us , amip f^nHs 

The titration curve re'Hects best the acidic and basic characteristics 
of the wool fiber and affords a proof of the real Existence of salt 
linkages within the fiber The best known studies were made by 
Speakman and Stott, Speakman and McMahon, and Steinhard^ 
Fugitt, and Harris. In analyzing the curves as shown in Figs 4 
and 5 Harris and his collaborators came to the following conclu- 
sions. 
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The maximum acid-blndmg capacity of hydrochloric acid at 0° C., 
independent of ionic strength, is 082 millimole per gram; the maxi- 
n.um base-binding capacity of potassium hydroxide is greater than 
0 78 millimole With salt absent, no appreciable binding of acid or 
base occurs in the pH interval 5 to 10, but the amount bound in- 
creases sharply as tiiese limits are exceeded. When salt is present, 
Uie amount of acid or base bound changes with more gnadually 
and there is no wide region in which combination fails to occur; the 
point of zero combination is sharply defined and is near pH 64 
The positions of the titration curves with respect to the pH axis are 
different at every ionic strength. The differences are larger than 
can be attributed to the effect of salts on the dissociation of acids, 
thus, in dilute solutions an «-fold change in the total concentration 
of chloride ions produces a change almost as great as would be pro- 
duced by a similar ti-fold change m the concentration of hydrogen 
ions This approach to stoichiometnc dependence of the acid bound 



Fig 4 Combination of wool with hydrochloric acid and potassium hydroxide as 
a function of pH and temperature, m the absence of salt 
(Stemhardt, Fugitt and Harris ) 






Fig S Combination of wool with hydrochloric acid and potassium hydroxide as 
a function of pH and temperature, at 0 SM ionic strength 
(.Steinhardt, Fugitt and Harris ) 


on the concentration of anions as well as of hydrogen ions accounts 
tor the greater steepness of the titration curve when the source 
of both ions is the acid alone 

The dependence of acid bound on anion concentration or base 
bound on concentration of cations shows that the positions of the 
curves with respect to the axis should, at high salt concentra- 
tions, approach a limit which should correspond to the titration curve 
of the s^e protein in the dissolved state. This is further supported 
by the fact that the data for wool agree very closely at high salt 
CMcentrations with those for a similar but soluble protein, egg 
albumin 

The analysis of the composition of the titration curve in terms 
of the constituent diacidic and dibasic amino acids of wool leads to 
the conclusion that the bmdmg of acid and base by wool occurs at 
the free carboxyl, imidazole, amino, and g^anidmo groups, but that 
no combination of base'with thetyrosme hydroxyl 'group ’takes j^ace 
m the pH range of this investigation 
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The data m Fig. 4 support the assumption made m accounting for 
previously reported titration measurements at 0“ C , that the carboxyl 
and ammo groups of wool in the uncombmed state are completely 
ionized. Thus, changes m the /)H coordinates at the titration curves 
brought about by changes in temperature arc small m the range 
in which acid is combined, whicli indicates that combination with 
add IS equivalent to back-titration of Uie carboxyl groups, but are 
large in the range in which base is combined, which indicates 
that combination with base is equivalent to back-titration of ammo 
groups. 

The heats of dissociation calculated for the two kinds of groups, 
approximately 2500 and 14,000 calorics, arc in good agreement with 
values for these groups in comparable compounds and in soluble 
proteins The value obtained in the acid range also agrees with the 
results of calorimetric measurements on the combination of acid 
with wool 

Approximately equal parts of the total heat changes m the acid 
range are associated with the dissociation of hydrogen ions and 
chloride ions from the fiber. An appreciable part of the total heat 
effect may be ascribed to a heat of transfer of the ions between 
the two phases of the heterogeneous titration system 

Effect of Acids on Wool 

The titration curve of wool shows that the action of acid begins 
at 5 and in hydrochloric acid is completed at pH 1 In hydro- 
chloric acid solutions wool combines stoichiometrically not only with 
the hydrogen ions of the acid but with the chloride ions as well 
Hence, the specific affinities for wool of the anions of different 
strong acids vaiy considerably and therefore the positions of the 
titration curves of wool with respect to the pH axis vary by corre- 
spondingly large amounts, accordmg to the aad used This has been 
well established by Speakman and Stott, and by Steinhardt, Fugitt, 
and Harris 

The titration curves of strong acids (Fig 6) are S shaped and 
form a coherent family, near neighbors following a fairly parallel 
course If the position of each curve is characterized by Sie pH 
value at which half the maximum amount of acid (about 04 milli- 
mole per gram) is taken up, there is a difference of 2 pH units 
between the curves shown at the extremes of the series 

The anion-wool associations for strong acids are fully reversible 
and the wool in combining with acid suffers no permanent alteration 
until amounts which approach 08 millimole per gram are combined. 
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The curves for the acids of lower affinity are Aaracterized by fist 
tening in the neighborhood of 0 83 to 0 84- millimole per gfram coin 
billed This fairly well marked “maximum” corresponds closely to 
the primary ammo content of the fibers With acids of higher a 
fimty, however, the curves show a definite increase in the slope, 
which represents a second step of acid combination The amoun s 
of acid bound at low pH in some of the acids are far in excess ot 
08 millimole per gram of wool This increase in the acid-binding 
capacity is due to hydrolytic decomposition. 



'Fig, 6 Combinatjon of wool protein with strong acids at 0* or 25 C 
(^Steinhardt, Fugttt and Harris ) 

Note The pH scale at the bottom of the, figure applies to the data 
0*C The scale at the top of the figure refers to the data obtamed at 
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With hydrochloric acid, even with high concentrations, negligible 
amounts of ammoma at 0° C are found, whereas with acids of 
higher affinity ammonia is liberated more rapidly and the acid- 
binding capacity increases in direct relation to the amount of am- 
moma liberated With some acids this increase amounts to over 0 3 
millimole per gram of wool However, where the hydrolysis of the 
peptide bonds leads to the formation of some insoluble decomposi- 
tion products a real increase in acid-bmdmg power is observed 



Fig 7 Combination of purified wool vnth weak acids at 0*C The curve for 
hydrochloric aad is given for companson (Steinkardt, Fugitt and Harris ) 


Weak Acids 

The titration cur\'es obtained with eight organic acids b> Stein- 
hardt, Fugitt, and Harris are compared in Fig. 7 w ith the curve of 
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hydrochlonc add Tiiis graphic comparison brings out dearly, the 
pnndpal di5erence betis'een the behavior of strong and vreak adds 
widi respect to wool. Over a wide range of low concentrations, 
many of die adds are combined by wool at a given pH to about 
the extent that it combines vrith hydrochloric add. The pre^ce 
of undissodated add at these concentrations is without appredable 
effect. At higher concentrations, however, fee amounts of weak 
adds which are combined increase more sharply than fee amoimte 
combined of h 3 '’drochIoric acid, and, unlike the latter, gh*e no indi- 
cation of approaching a saturation value at about 0.8 millimole per 
gram Indeed, determinations have been made of amounts coi^ined 
which are far beyond fee upper limits of Fig. 7 (up to 4 millimoles 
per gram). 

Most of fee adds shown in hig. 7 are organic adds of rdarivdj* 
low molecular \\ eight and would be expected, if totally dissodat^, 
to give titration curves of wool similar to fee curve obtained wife 
hj'drochloric add. If attention is confined to the lower portion of 
the curres obtained wife adds of molecular wdgfats bdow SO, it 
appears feat this expectation is wdi founded. Marked dqjartures 
from fee curve for hydrochloric add appear only at concentrations 
at which fee amoimts of undissodated add become great^ than 
about 0.01 mole. The increased uptake of weak adds which ap- 
pears at high concentrations is a rough measure of the amounts 
of undissodated add feat have combined wife fee wool, possibly 
by solvating it in competition with water. In Table 17 are shown 


TABLE 17 

COilBINATIOX OP UJiDISSOCLATED 3»IOXOCHLOROACBTrC ACID 

^TH WOOL AT 0* a 


fB 

Aas Co*o- 

iriaUsfg) 

briidai 

Sas^pS 

iszTaiss/s) 

D^erezse 

<=nn!sr/ir5 

rcir: 

Aad 

ZasxsbtrftSer) 

Coaissa- 

aa^d 

Aesd f 
Z3STtsler/}Sa) 

rsisss 

bi Cor^-^- 
bS~ urcJ~ 

zsaaUdAesd 

IJS6 

2.0S 

079 

149 

0.971 

0.937 

14 

1.S2 

iS9 

a77 

062 

0 477 

0455 

l.a 

1 66 

1.12 

0 71 

0.41 - 

04S2 

0465 

r4 

1.76 

0.97 

a6s 

041 

0.1 S4 

0.070 

IS 

1J9S 

073 

049 

0J4 

aCS74 

Ol0769 

IS 

2.IS 

O.SSO 

(kSOi 

aor6 

a039S 

a0332 

24 

3.35 

a«i 

QiOS 

0025 

a0172 

a0132 

2.1 


is tlas cptsi* is 


•XocaseciiassiaTefaessapjCeifarliaers’iB 

dsrad ar ths sasarntJoa of •<s'ater br tcs fillers. 

t Tie vaiiss in coirsn are & rf - ec &c=s tie toSl add preset:! br c tSt rrc g 

c£ lbs dasocatisacoesrastassdappiriagtaels'sr of t=aas action. Since tbs prp?cit.o3*o==!i 
srra!}. esnspt is tbs mere d2=ts soisiions, Lll3s sircr cs ictro&rsed br tbs saglsct t£ a— intr 
sSctsnts. 
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data foi monochloroacelic acid, which has been chosen as^an ex- 
ample because the lower part of the curve of this acid coincides 
most closely with that for hydrodiloric acid. 

In Table 18 arc summarized the relative affinities of undissociated 
cicids for wool as calculated by the method shown in Table 17 Ap- 
proximate values for a few cyclic compounds not represented in 
Fig. 7 are also included The range of the affinities of the undisso- 
ciated acid for wool, as shown m Table 18, is approximately 300 
to 1. 


TABLE 18 

AFFINITIES OF UNDISSOCIATED ACIDS FOR WOOL 
PROTEIN AT O-'C 


Acids 

Parti- 

tion 

Quotient 

Propionic 


Acetic 


Glycolic 


Formic 


Monochloroacetic 


Dichloroacctic 



Parti- 

tton 

Acids Quotient 

Benzoic 11 

^-Nitrophcnol 20 

2,4-Dinitrophenol SO 

2.6- DmitrophenoI 60 

2.6- Dichloro-4-nitrophcnoI 100 

2.4.6- Trichlorophenol 100 


Speakman and Stott stated that the fact that weak acids combine 
with wool at low pH to a far greater extent than hydrochloric acid 
is closely related to the greater swelling and higher heat of reaction 
In concentrated hydrochlonc acid at a pH of 06 the wool fibers 
swell about 3 per cent, in monochloroacetic acid at the same pH 
18 per cent, and in 98 per cent formic acid approximately 50 per 
cent 

Effect of Alkalies on Wool 

One of the most characteristic chemical properties of wool is the 
ease with which it is degraded in alkaline solutions . A_5 _p er cen t 
Solutio n..oL.caustic..spda> at boilm gjemperature completely^dissolves 
wool in a few-nunutes ^ Investigations byHarris and Crowder and 
SpMkman have shown that such degradation is closely associated 
with the tendency toward alkalies of the disulfide groups in the 
cystine of the wool It was found that, although the atomic ratio 
of nitrogen to sulfur in wool is about 10 to 1, these elements are 
removed from wool m the ratio of about 1 to 1 by the action of an 
alkali during the first stages of its attack If wool protein were 
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simply being dissolved, there should be 10 atoms of nitrogen in the 
solution for every atom of sulfur but the analysis showed that the 
sulfur was present m a much greater proportion About 40 per 
cent of the sulfur^ content of fee wool is lost during an alkaline 
treatment which dissolves only about 9 per cent of the wool, but 
feereafter fee sulfur is removed m proportion to the wool dissolved 
^ ^smple, treatment of wool yam with a solution of caustic soda 
which is one-fourfe normal (1 per cent by weight) reduces fee 
sulfur content of fee wool from its original value of 3.16 per cent 
to l.«5 per cent m twenty minutes at 50° C. The same result is 
obtained m four hours by fee use of 0065 caustic soda at 65° C 
T bl 197*^^^*^ brought forth similar results. (See 


TABLE 19 

CONTINUED action OF 005 N SODIUM HYDROXIDE 
AT 65° C ON WOOL 

... , _ Alkalt'Treated Wool 

Tme of Treatment Lossin SulfiTr Cystine Content, 
Weight Content by Sulhvan Method 
Percent Percent Percent 


Minutes: 

0 

15 

30 

45 

Hours : 

000 

2J27 

352 

467 

3 72 

291 

2 56 

2 35 

1340 

691 

485 

513 

2 

4 

8 

46* 

640 

9J8 

15.21 

6150 

224 

213 

203 

228 

4.41 

370 

264 

2.65 


Thf acw residual nool was lost during washing 


HiiHnw course of fee alkali degradation reveals feat 

® splitting off of a portion of the 
w aPPJoachmg 50 per cent of fee original amount 

I 7®'“ *°st a molecule of qrstine is de- 

,accordmg to Horn, Jones, and Rmge, a more stable 
acid and having fee formula (HOOC— 
-1 - ^^ 2 )sS, IS formed. Mizell and Harris have found 
j per cent of fee residual noncystine of sulfur left in 
kail-treated wool as lanfeionine. No significant amounts of sulf" 
hydryl groups are in fee treated wools. The mechanism of this 
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tcaction as advanced by Nicolet and Shinn involves a rupture be- 
tween sulfur and carbon to yield dehydroalamme and a — CH, — S — 
SH residue An atom of sulfur is then eliminated from the latter 
and the sulfhydiyd group thus formed reacts with dehydroalamine 
to form lanthioninc 

Tlie injurious effect of alkaline solutions is of wide practical 
importance in view of the numerous alkali treatments which wool 
undergoes in being converted from raw stock to the finished fabric, 
m addition to the alkaline laundering which wool fabrics may re- 
ceive in use Hence, soaps and scouring and fulling agents in gen- 
eral should be free from appreciable amounts of caustic alkalies. 
The weaker alkaline salts, such as the carbonates and soaps, are 
not so destructive m their action, and when employed at moderate 
temperatures they are not regarded as deleterious and are largely 
used in scouring and fulling 

Barmore, in stud 3 fing the effect of temperature of wool and 
of the scouring bath, found that for scouring raw wool, a tempera- 
ture of 50° C IS best ; the pH value of the solution may range from 
9 5 to 110, and the jcpunng^time^hould mot exceed ten,jninutes 
Under such conditions' no damage occurs in the wool Barmore’s 
findings check with practical expenence in large-scale scouring 

Data obtained by Hams show that breaking strength tests do 
not indicate alkali damage, since the strength of wool yarn may 
actually increase as die result of alkali treatment, due to the matting 
of the fibers, although the yarn may be harsh and practically dis- 
solved Reflectance and compression resilience tests give more con- 
sistent measurements, but they fail to detect damage until it has 
become too apparent and serious 

The action of concentrated solutions of caustic alkalies on wool 
is a rather peculiar one Studies of Speakman and of Barr and 
Edgar show that wool fibers are disintegrated by dilute NaOH 
solutions, the rapidity increasing with increased concentration of 
NaOH up to 15 per cent, beyond this point the strength of the 
yarn increases until 38 per cent of NaOH in solution is used 
Investigation of the action of caustic solutions on individual wool 
fibers under carefully controlled conditions showed that (a) the 
elastic properties of single wool fibers are completely unaffected 
after immersion in 38 per cent NaOH solution for five minutes at 
19“ C , (b) the immunity of the fibers is due to the low partial 
nressure of H,0 vapor in equilibrium with 38 per cent NaOH 
Llution and to the fonnation of the complex hydrate 2 NaOH* 7 Hj 50 
with correspondingly low OH-ion concentration ; (c) the 30 per cent 
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strength of wool yam after immersion in 38 per cent 
t '^ 1 . ® ^s due to the surface gelatmization of the fibers 

wmch binds them firmly together in the dried yam. 

Soda ash, potash, and ammonia are not as destructive to wool, but 
their use must be kept below certain concentrations, depending on 
the temperature and time of the treatment ; otherwise t hey have a 
^il9win^nd ^ademg eff^t. For example, soda solution'uied in 
raw wod scouring snoulid Be limited to 3 grams per liter or approxi- 
P®"", gallon at 130° F. and a of 11 with a 
,r.rr J^^^atmcnt tinie_of,teiummutes In piece scouring, when work- 

rMrii (20° C ) the concentration may 

r P®^ ®®^^ approximately 4 ounces per gallon at the start 
process. Ammonia is a weak base so, if used in concen- 
hif^ it causes disintegration even at low temperatures, 
et-rtni safdy in a weak solution of 1 gram per liter for 

stripping purposes Wiegermk reports that wool treated with 0 1 

solutions retains from O.S to 1 per cent more 
mature than similar untreated wool. ^ 

havmg the least effect on wool, perhapp,~arejrammO' 
Sodium phosphate is also a mild dkali 
in connection wifli wool without fear of injury. 
^^®ated with alkaline solutions of what- 
matpn’ai should be taken subsequently to give the 

Pf^StT^rP^S^^^^S^^s^gLia-order-to^rSove tiie last trace 
form dryIHf^h'd"s^t6fing alkali spots may 

the vnntle ® w^akeumg of the fiber .and a discoloration of 

•tfreaUv nr'etw subsequently dyed, the pieces ■ may exhibit 
of wont action of alkaline residues. Treatments 

inrrpnc#» oxidizing agents prior to an alkali treatment will 
increase the damaging effect of the latter. 

Effect of Salts on Wool 

’^®'T reactive, as wool does not 
PC rnm,Sv« » appreciably from their solutions. Neutral salts, such 

Po^ssium chloride, and magnesium 
sulfate, are hardly absorbed even in boiling solutions Lime and 
^gnesium salts, present in hard water, may cause a yellowing 
eff^t on prolonged boiling or in "crabbing” and "blowing.” Glauber’s 
salt or sodium sulfate when used as a stripping agent for acid 
colors wll give wool a harsh feel, as it has a dissolving action 
on the- fiber- substaiKe-ih concentiafions tjf '5 her cent^'or-more 
In the presence of acids this harshening effect is far less pronounced 
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Ccrlaiji_salts-are used with wool fpr^ the> purpose pf. giving in- 
crcasc d weig ht to tlie fabr7c ""^ fagnesiu m chlor ide i s "the loadftfg 
niQs LuiicH^ because of Us jgrc^l 'Hygro sco^ c^pr 
nesij ini sulfate and zme chloride ar e used iiTa srniiiax .ni anpf T^"^*i^u^ 
*TiirtingTS^rcfcfrTvhcn wool islrcated wTtR concentrated -calcium 
or ba r ium ^tliio(wanatc solutions and then steamed, a M.nsiderable 
. fibjj-xon t r.TCtion takes ^lace . This reaction may be used' to pro- 
^ce crepc'efTecls m fabrics Similar effects result from &e use 
of concentrated solutions of ^inc chlondcror sulfate, calcium ^chloride, 
or stannous chloride' 

With salts of heavy metals, m particular those of aluminum, 
iron, cliromium, copper, and tin, wool is very reactive, the salts 
include the sulfates, chlorides, nitrates, and acetates Whe n-avool 
is - boiled in soluti ons of thes e salts they combine with the wool 
to tomn water^ms^dlulffe 'This is the reason Vliy metal 

stains, su^ as iron aniTcoppef, are so common in wool processing 

With salts which are acid in reaction and are capable of being 
easily dissociated in the presence of acids, such as alum, potassium 
bichromate, and sodium bichromate, the wool fiber possesses consider- 
able attraction when boiled in their solutions The mordanting of wool 
with various metallic salts is based on this reaction as a previous 
preparation or an afterlreatment in dyeing of mordant colors such 
as with chrome dyes The metallic salt chiefly employed for the 
developing of mordant colors is sodium bichromate If wool is 
boiled in a 02 per cent solution of sodium bichromate, the wool 
takes up a considerable portion of the chromium compound, which 
imparts a yellow color to the wool The primary action is the absorp- 
tion of chromic acid from the solution, to form a compound in 
which the wool substance acts as a base, combining with about 10 
per cent of chromic acid The compound formed is stable in water 
In the presence of acids and certain organic compounds such as 
tartar, the action of tiie chrome compound is promoted and accel- 
erated 

Action of Oxidizing Agents on Wool 

Wool is quite sensitive to oxidizing agents. Strong solutions of 
hydrogen peroxide, potassium permanganate, and potassium bi- 
chromate damage wool more or less, depending on file temperature, 
the concentration, and the pH According to Harris and Smith, 
the oxidizing agents attack the disulfide groups of the cystine, re- 
sulting in -a lower strength, weight loss, increase m solubility 
in alkaline solutions, and reduefaon of the wool sulfur content 
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hydrolysis of the cystine linkage and subsequent 
agents is m'^bleaching. " oxidizing 

^gent for bleaching wool is hydro- 
folutmrli? rill gives the best permanent white. In strong 
Smith anri w °° */ by.overbleaching or oxidation 

d^ndrnli?h wool is oxidized 

DeSxffL temperature and pH of the hydrogen 

^Kned treatment. The data 

tration temn^ra? i^icated critical values for the concen- 

but not hydrogen peroxide solutions, 

Ttwo-vo W the treatment For'^ple, by using 

IS 50° C for fl peroxide solution the critical temperature 

four-volume Critical concentration is 

treated S ^0° C. When wool was 

pH for three hour*; peroxide solutions differing in 

appreciable Iffer? hi that the pH had no 

SfSlv mClalT 7 Between pH 7 and 10 the dam- 

rr2r'^0f'^'J“a‘''“”'r f 

!’^t«p1dTaut“s— 
of a hvdfate of manlan' brown color by reason of the precipitation 
a solution of sodium Subsequent treatment with 

CoCoS wfuS^h «®“ssai 7 to rmove the manganese 

SnontaneoiK! rfmh.f °r ^7 potassium permanganate 
'of aSSSStion ?n ^ prJarily of processes 

Clrc Cel a the wate? content 

f^S acidC wh^rC- of the wool and the 

Lucchini . ^ produced promote oxidation, according to 

Action of Reducing Agents on Wool 

m^ui?”i 1 -'^° oxidizing agents' the keratin 

CdrCl Croli Th^cnl ff^'"*’ disuIHde groups, -forming sulf- 
Soealcmanl 1 r 1^® disulfide groups (according to 
Dresent i*« fht ’^^th *he removal of the internal stresses 

fhSniStc maximum pH values to produce 

are at pH 4 and pH 10 A pH 4 concentrated solution 
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of bisulfitcs and melabisulfites destroys the disulfide group because 
of the swelling effect characteristic of weak acids and at pH 
values of 10 and higher the reducing agents act because the alkali 
hydrolizes the disulfide groups, forming sulfhydryl and sulfur acid 
groups The sulfur acid groups are then reduced through the re- 
ducing agent to sulfhydryl groups. Some alkali salts with reducing 
anions (NajS, and sodium thioglycolate) dissolve wool even in weak 
alkaline solution and at low temperatures, as found by Goddard and 
Michaelis. 

Modified Wool 


^ According to Speakman, when reduced wool is treated in solu- 
tion with divalent metal ions (Ca, Ba, Zn, Cu, Ni) it is brought 
into a more stable form by the formation of new cross-linkages 
between the sulfur atoms of the type S — — S (X = divalent 
metal) Speakman’s work was the first step which confirmed the pre- 
diction that if wool’s weak cross-links, the disulfide or cystine bonds, 
could be broken down and built up again in chemically stable form, 
the defects of wool would be eliminated or largely reduced and its 
desirable properties retained The metal-treated reduced wool has 
a higher stability toward steam and alkali 
Harris and his collaborators went a step further toward this 
goal of chemically modified wool by breaking down the disulfide 
linkages with soluble organic sulfur compounds, known as mer- 
captans, and reconstituting the reduced wool with alkyl dihalides 
The best results were obtained by using thioglycolic acid (02 M) 
at a pH of 4 5 as a reducing agent and subsequent alkylation of the 
reduced product with trimethylene dibromide The reaction with the 
dihalides results in the formation of new cross-links in which sulfur 
atoms of the cystine are connected by short hydrocarbon chains 
The reaction appears to affect only the disulfide groups of the cys- 
tine in wool and may be represented by the following equations 


W— S— S— W 2HS— CHa—COOH 

W.., ^“Swmh+cs-ch^cooh), 

Reduced vrool Dlthloglycolle acid 

2W— SH -f (CH2)sBra = W— S— (CH^), — S— W 4- 2HBr 

Reduced wool Tnmcthylene Modified wool Hydrobnmil 

dibromide 


Hydrobromlc 

acid 


The analysis showed that the modified wool contained 65 per cent 
cystine, the mode linkage of approximately half of the sulfur 
atoms had been altered, since untreated wool contained 124 per 


cent cystine 
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wSlam 1 and chemical properties of modified 

wool yam produced on a laboratory scale is given in Table 20. 

TABLE 20 

properties of modified wool in yarn form 


Type of Wool 

Untreated 
Reduced 
Modified 


Breaking 
„ Strengih 

30 Pet cent of Yarns 
Index (gram) 


099 

065 

090 


1310 

1170 

1460 


Alkali 

Sohibihty 

(P ercen t) 

105 
500 
53 


Moisture 

Content 

(percent) 


onlv more^ resis^^t wool seems to be not 

and bart erU ’>“* •? at^ck by moAs, enzymes, 

"feel'* only sbffhtiv t? ^^king in laundering, wiA a 


Action of Halogens on Wool 

adsor^S"and ch^waTchanM^T^^ bromine, or iodine leads to 
change depends essentially nn and type of the chemical 

on the conditions of t) 7 #> pr^ence of water Depending 

rather remarkable solution, the wool fiber undergoes 

tion in Its physical and ® considerable altera- 

and yellow, ^Sre fh.^ properties It may become harsh 

same limeT’sS a” 'T,,''' “'“'■‘5' 

of chlorinated wool iSd to ^ dyeing These three properties 

lion for tte pumose of 

factunng of noSdtme varf r ^ oriental rugs, in the manu- 
and in the orintinp- ^or socks, underwear, and sweaters, 

the gaseous state ^^y Cl. Br, and I m 

dry wool only a slip-hi solvents, upon completely 

protem (substitutioff Hab^s'^with^noS^? 

adsorbed by dry w^l wS^fi^^ moisture content are 

some substitiitlon anA J « haloamine formation Furthermore, 

acd and haloamme alge 
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protein by oxidation dnd haloamine decomposition, with formation 
of the corresponding lulo-H acids The resultmg peptones, poly- 
peptides, and reactive ammo groups immediately enter into a 
chloramine or bromaminf f^nnation From the haloamines, HCl 
and HBr are formed, whiJi effect new hydrolytic splittmg At the 
same time active haloger f’e rates to the interior of the fiber, 
where it forms balogen-H c- i with water, which oxidizes the 


fiber. A substitution of tn^ 


protein takes place Vi>o ^ 
to a Donnan membi<;-ie e.-u’ 
surface known as 
on the surface of if ■ 
shown that these ^ 
tion IS associated ’ 
groups of the cyst <i 
because of degrade, . 

With iodine ttif- 
slower than with i 
trates almost exebj 
of the fiber, wh-- 
substituted in the 
initial concentrati*/" 
multiple proportK 
of the smallest fc 
pacity of halogen 1 
outer fiber layer, v 
The destruction o 
halogens increase' 


.ogens in the tyrosine of the wool 
' ult.ng halogen-H acids give rise 
ra and the blistering of the fiber 
0“ The blisters or swellings nsc 
Hock, Ramsay, and Harris have 
-cm the scales and their forma- 
the chlorine v/ith disulfide 
here the cystine content is low 
Jkah the sacs do not form. 

► nber surface is considerably 
' th me result that iodine pene- 
, 'cm the solution to the interior 
H! The amounts of halogen 
protein increase v/ith rising 
UiiOns m the ratio of simple 
:;iue which is six times that 
" The increased dyeing ca- 
I t of the destruction of the 
''O’" of the fiber to the dyes. 
effected u/ oxidizing action of the 


.V 0 i( c 
< Sp « 1 

. r. 1,1,^ ' 

,)i ’ , 

1 by suMu ' 
s ktmr ^ 
oLaer h'ii ' 
by ddjv • 

Jo, U t ' 

,(. 01 th V 
. ihc haIo;/( ■ 

. ‘o a 

-M halogen •< 
v’OOl IS 
11 cyposes thf 
• ool 

I'lh rising halogt-T 


O' 'ji'cntration. 


Nonfclting V.'ool 


« flir fdtmff p'or^Tt’CS of wool became 
Processes for n-oiicing of the necessity, 

very important during Wor ^ p,- the armed force? which 

of buying woolen underwear ano cs£C'i‘’al to remember tb-’t 

would not shrink when wasne( *• Vorics. namely, tic 
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are stretched m both length and width during the final stages of 
finishing This stretch has to be removed by shrinking the fabric 
before making it up into garments In the process known as London 
shrinking stretched, wet wool fabrics are allowed to relax and are 
dried after all the stretched fibers have had an opportunity to return 
to their normal lengths 

Fabrics made from nonfelting wool tend to show the same amount 
of relaxation shrinkage as similar fabrics made from normal wool 
On the other hand, while normal garment fabrics will rapidly con- 
tract in size in washing with warm soap solutions because of the 
felting action, garments made of nonfelting wool will retain more 
or less their original size 

ElastiGity^ncLthe^iGtionaLeffecLxif-scale^jirXace-are-responsible 
JajL.5hrinkagc^due^to,|eIting of-dhe-,WDDLfiber. Therefore, either the 
elasticity of tne wool fiber or the directional frictional effect of its 
surface must be destroyed to prevent its felting Since the elasticity 
of the fiber is the most valuable property, all methods of reducing 
the felting properties of wool aim at destroying or altering the 
frictional properties of the fiber surface It is known that any 
chemical reagent which attacks and rounds off the free edges of 
the epidermis scales diminishes the felting properties of woolen 
fabrics With the newest methods the scale structure is preserved 
but, accordmg to Speakman and Goodings, the layer xmder the 
scales is converted into a degraded protein capable of swelling under 
die action of acids and alkalies Because the scales rest on this 
insecure foundation they no longer exert a directional effect on the 
frictional properties 

Of all the chemical reagents which attack the scales of wool, 
dilorme is the most powerful and, therefore, it was first used to 
produce a non-shnnkable finish on hosieiy, undergarments, shirts, 
trousers, and vests which are frequently washed The process most 
widely adopted was wet chlorination, which consists of treating the 
fabric or fashioned garments with acidified solutions of either 
sodium hypochlorite or bleaching powder This process is difficult 
to control because chlorine has a great affinity for wet wool and 
skill is needed to see that every part of a large batch of fabric 
or garments absorbs the same amount of chlorine The many new 
processes which have been developed since 1925 are summarized in the 
table of patents. Table 21 . * 

Chlorine ivater, chlorine gas, the organic hypochlorites, sulfuiyl 
chloride, and nitrosyl chloride all act by causing oxidation of the 
disulfide sulfur, thereby disorganizing the surface layers of the wool. 
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Probably the bisulfite used in the enzyme method also reacts on this 
disulfide sulfur, but in addition the enzyme brings about the break- 
down of the polypeptide chains Instead of producing disorganiza- 
tion by oxidation, the methods involving the use of alkalies produce 
disorganization by hydrol}sis and disruption of the disulfide linkage 
and, also, possibly of the polypeptide chains 
The application of synthetic resins is a new trend The modifica- 
tion that the fibers undergo by the incorporation of the water-soluble 


TABLE 21 

CHRONOLOGICAL LIST OF PATENTS ON NONPELTING WOOL 


Inttnlors 


Chemteats Used 


Year 
, Issued 


Patent 

Number 


Trotman 
jAcIcpon, E L 

Retehnrt, J S , and Poalief, 
R.W 

Smith nnd Rub> 
Feibclrannn, R 
Kmc; and Ga11e> 

(Wool, T R. Amoc ) 

In tnebanic Dycitorl n 
Holl.A T 

Phillips and Middlebrook 
Wieennd 

Solvny Proecra Co 
Preney nnd Lipwn 

Hall, Wood nnd Tootal 
B^adhunt Lee Co , Ltd 
Parker, Fnrrington Stubbs, 
Spealonan, and BIcachetB 
Aeaoc , Ltd 
Clayton and Edwards 

American (^anomid Co 
Raraes, J I# and 
Stevenson, F M 


H) pochlorous ncid 1925 

Tertiaiy*buty] hypochlorite and methyl 1929 
alcohol tn nn inert solvent 
Teitinry-butyl hyppchlonte in nn inert 
solvent 

Sodium hi’poehlonte and alkali 1950 

p-Toluene sulfondichloramide and HCl, 1932 
Dry chlorine or bromine gas at low 1933 
pressures 

“N S " process — wet contact process 1935 
Sulfuryl chloride in an inert solvent 1935 

Papain in a sodium bisulfite solution 1938 

Sodium hypochlorite + HtSOi + 1938 

amines 

Nitrosyl chloride - 1939 

Caustic soda and potash in methylated 1939 

spirits ,4 p. 

Inorganic and 'organic bases in mixtures 1939 
of alcohols and inert solvents 
Inorganic sulfides in mixtures of 1940 

alcohols ' ■' 

• 

"Negofel" — cWonne in aqbeous solu- 1940 

tions containingjormic acid , 

Alkylated mctbylol-melamine 1943 

Hypochlonte and permanganate 1945 


D S 1,522,555 
U.S 2,132,342 

1930 U S 2,132,345 


U S 1,781.415 
U S 1,892,548 
E 417,719 

U S 2,107703 
E 513,919 
U S 2,144,824 

U S 2,213,399 


E 538,396 
E 538,428 
E 539,057 


E 537,671 

U S 2,329,622 
E 569,730 


methylol melamine type resin appears to be of a purely physical _ 
nature WiA the fibers thoroughly penetrated the formation of the 
resin m the 'process of polymerization will take place within Ae 
cortical cells ’as well as on the surface of the epidermis cells The 
outside film probably reduces the frictionil forces of the„scales, 
whereas the resin within the fiber affects its elastic properties 
From the number of patents granted it 'is, obvious that a great 
deal of experimental work has been done and that the methods now 
available to produce nonshrinkable wool are bewildering m their 
variety Some of these processes*are, of course, m a more advanced 
state of development than others In England, according Jo I^ilhps, 
the dry chlorination process, the "NS'’ process, the sulfuryl chloride 
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process, and the Negafel process have already set a new standard 
of unshrinkability and, with improved wet processes, led to big 
economies in the wool required by the British armed forces. In 
the United States the development was retarded by unfo^nate 
experiences with some processes and the disinterested reaction of 
the general public ^ . 

Early in 1944 the United States Army beg^ to include in ite 
specifications a nonfelting treatment for cushion sole socks, and 
developed a simplified modification of a wet chlorination process 
By the end of 1944, the Army was purcharfng 7 million pairs of 
fully washable cushion sole socks per month, whereas in 1943 
It had been buying none. Shrinkage of untreated socks amounted 
to 22 per cent after only twelve da}'s' average wear After treat- 
ment, shrinkage was reduced to only S per cent after forty-six da^ 
average wear The effected savings were estimated at $1,500,000 
per month on shnnk-resistant socks alone. 

By the end of the war in 1945, the United States Quartermaster 
Corps extended its research in this field to include the application of 
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\\ ct chlorination and several other processes including resin treatments 
to flannel shirting, blankets and woolen underwear with the aim of 
supplying troops in the future with washable woolen equipment Fig- 
ures 8 and 9 show in graphical form the extent to which felting of 
fabric can he retarded by dry chlorination and by the melamine resin 
process. 
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Fig 9 Retardation by melamine resin of shrinkage of wool flannel 


Action of Formaldehyde on Wool 

Formaldehyde may be used for two purposes (1) as a protective 
agent against the chemical action of alkalies, and (2) for steriliza- 
tion The protective action is also effective against the damaging 
influence of steam and of boiling water Barr and Edgar reported 
a protective action even against acid Wool treated with 4 per cent 
solution of formaldehyde shows, in addition to the resistance toward 
alkalies,, a decreased dye affinity and. also c a loss.of-ats felting 
properties 
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Speakman and Peill found that the increased resistance of formal- 
dehyde-treated wool fibers is a result of the formation of resistant 
cross-lmkages The treatment is best carried out at />H 6 to 7 
There is a sharp- decline m the extent of cross-hnking, until damage 
is accentuated in solutions at 11.2 and above. 

The sterilization value of formaldehyde has been studied by Hum- 
field, fillmquist, and Kettering on a worsted serge Formaldehyde 
solutions were effective sterilizing agents when used either m a V/z 
per cent or stronger concentration for one hour or in an 8 per cent 
concentration for tliirty minutes When formalin vapors were used, 
^ It was necessary to expose the fabric for two hours at 70° C. The 
formalddiyde treatments softened and bleached the fabrics For 
disinfection of blankets and clothing such treatments are useful 

Quinone, which, like formalddiyde, is capable of forming cross- 
linkages between the peptide chains of animal fibers, was first used 
by Meimier to prevent damage According to Speakman and Peill, 
the maximum cross-linkage formation with quinone takes place at 
y>H 47 

Dye Affinity 

Concerning coloring matters, wool is the most reactive of all tex- 
tile fibers combining directly with most of the synthetic organic 
dyes The affinity changes with tlie different chemical compositions 
of the dyes and, consequently, the conditions also vary under which 
the union of the dyestuffs with the wool is best brought about The 
most important dyes for wool are the acid, chrome, and vat types 

Mildew and Bacteria 

From the time wool grows on the sheep on through the stages 
of manufacture and wear, the fibers are subject continually to 
contamination by microorganisms Included m this rarcroorganic 
flora may be pathogenic organisms which are responsible for dis- 
ease, and many other groups, many of these are capable of multi- 
plying rapidly under favorable conditions and causing the v/ool fibers 
to be stained with mildew or to lose strength and to deteriorate m 
other ways 

Wool is the fiber least attacked by mildew and bacteria In ship- 
ping tightly packed raw wool it happens occasionally Aat such bales 
get wet, either through ram or by dropping into the water when 
being loaded or unloaded from a steamer The wool will soon de- 



Chemical Naiure and Properries 


207 


vclop a fungoid growth or mildew in spots. In manufacturing 
woolen goods, if sized material which is loaded with star/:h or glue 
becomes wet, fungoid growth is likely to occur. Usually no dam- 
age is done through mildew alone 
A study on the microbiology of raw wool was made by Prindle, 
who reported the change in the number of bacteria and molds in one 
lot of wool as shown m Table 22. 


TABLE 22 

NUMBER OF BACTERIA AND MOLDS PER GRAM IN WOOL 



Raw Wool 

Scoured Wool, Scoured Wool, 
Shaken Wool Wei Dried 

Molds 

2,700 

36,000 

300 

300 

Bacteria, all types 

1,200,000 

17,000,000 

65,000,000 

3,400,000 

Bacteria spores 

190,000 

210,000 

100,000 

110,000 


The increase m number of molds may be the result of shaking, 
which, instead of removing most of the mold spores from the wool 
by eliminating much of the earthy and vegetable matter, tends rather 
to distribute such material more evenly throughout the fiber mass 
and so stimulates a higher degree of contamination In the scouring 
bowls, the larger part of the original mold flora was either washed 
off or killed in the scouring bath The number of bacterial colonies 
increased tremendously through shaking and scouring, because of 
the constant mixing of the fibers from all parts of the lot Through 
the drying process the total number of bacteria of all types dropped 
from 65,000,000 to 3,400,000 This suggests that the heating of the 
fiber for drying acted as pasteurization and inactivated the less heat- 
resistant vegetative forms 

If wool IS stored m a warm place in a moist alkaline condition, 
with no circulation of fresh air, bacteria start to grow and produce 
enzymes, which rapidly break down the fiber scales and hydrolize 
the intercellular substance that holds together the individual cells 
of the corticular layer until they split open and fall apart Research 
by Geiger, Patterson, Mizell, and Harris on the nature of the re- 
sistance of wool to digestion by enzymes gave the following result: 


Wool that has neither been injured mechanically nor modified chemically 
IS completely resistant to attack by the proteolytic OTzymes— pepsin, tnrpsin, 
chvmo^osin and papain When the cuticle or scale layer of the fibers is 
daiMg^^by mechanical means, the wool becomes suscepfable to attack by 
pepsin and chymotrypsin Under these conditions only a small portion of the 






208 


American Wool Handbook 


wool IS digested, yet the fibers arc considerably weakened and their fibrous 
structure is partly destroyed 

Wool m winch the disulfide cross-linkages have been broken, as by reduc- 
tion, or by reduction followed by mcthylation, is almost completely digested 
by pepsin and chymotrj'psin, but is attacked only slightly by trypsin. When 
j wool is re-oxidized and its stilfhydryl groups are converted to 

disulfide groups, the wool regains its original stability. '‘When the sulfhydiyl 
groups of the reduced wool are con\crted to bis-thio ether groups by the 
action of an aliphatic dihalide, the stability of the wool toward enzymes is 
greatly enhanced 

Spore-forming bacilli, particularly those which liquefy gelatin, 
cause the most damage to wool, according to Trotman and Sutton. 
Cocci are less harmful than bacilli Different organisms produce 
^ damage at different rates, each growing best within certain limits 
of />H Through this bacterial action a large amount of heat is 
produced A temperature of 40° C (104° F ) was measured inside 
bactena-attacked bales 

Lurgess says that mildew on cellared or aged and stored goods is 
due to mold fungi rather than bacteria Soaps, wool creams, and 
the majority of conditioning fluids encourage mold development 
because of the alkali present, which, by combining with the wool, 
renders it more easily attacked In hygroscopic soaps mold growth 
can occur over a wide range of humidity Vegetable oils such as 
olive oil increase mildew growth, but to a smaller extent than 
soap, in this connection the nutritive value of the oil is important 
Lower fatty acids, such as hexoic, octoic, and lauric acids, retard 
mold growth , on the other hand, the more complex fatty' acid, oleic 
acid, favors growth Mineral oils have a protective effect and are 
not used as food by the mold fungi Greenish-yellow stains com- 
monly found on mildewed wool are caused by mold action on the 
soap present The reaction range over which mold growth can 
occur on wool is considerable, since both acid and alkaline conditions 
favor it 

The preponderant factor in the development of mildew is the 
presence or absence on the wool of degradation products of the fiber 
proteins All treatments which remove these products remove the 
possibility of development of molds; such treatments are equally 
effective whether carried out before, during, or after dyeing The 
most important and simplest of these treatments is chrommg; the 
efficiency of the chrome dyes is the result, not of their constitution 
but of the fact that treatment with chromium removes the protein 
degradation products which are always present on the wool This 
confirms the findings of Burgess. 

Protection is obtained also b> aftertreatment of certain direct dyes 
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with copper culfalc, chroinium fluoride, or formaldehyde, but m 
tljcie ca*:c< the action is the result of the bactericidal power of the 
chemicals rather than of the removal of the degradation products 
of the protein';, <o tliat the protective action is much weaker than 
wit!) chroming, Wlicrc the bacteria damage occurs before dyeing 
the damage will appear as light spots after dyeing In indigo-dp^cd 
goods reduction of the d}c takes place, resulting in its destruction 

Moth Larva and Carpet Beetle Damage 

Woolen and worsted fabrics arc readily eaten by larvae of clothes 
moths and carpet beetles There arc two distinct types of moth 
lar\MC w hicli cause an estimated annual loss of some $100,000,000 to 
consumers alone for damages and expenditures for their control. The 
two differ mosll} in the type of cocoon in which tlicy pass their 
dormant stage and have been named accordingly, i e , webbing 
moth (Tittcola btsclltclla Hummel) and ease-bearing moth {Tinea 
pclhonclla) 

The carpet beetle larvae, from which come “buffalo moths,” are 
know n as “dcrmestid pests,” because they belong to the Dermestidae 
family There arc four of these, the common carpet beetle {Anthre- 
nus scrophulartac) , the furniture carpet beetle {A vorax), the 
varied carpet beetle {A verbaset), and the black carpet beetle 
{Attagcuus ptccus). 

The damage caused by insects, especially by the moth larva 
(Tujcola biscfhella hummel) is easily recognized microscopically 
The attacked fibers show the biting marks produced by the cut- 
ting and chewing tools of the larva The head of the larva (Fig 
10) shows the remarkable biological and mechanical structure of 
the organs which serve the insect well as cutting and chewing 
tools for textile fibers and even harder materials, such as horn, 
quills, etc The organs of the lower jaw are. the underlip (men- 
tum and submentum) , two maxillae proj'ecting like telescopes to 
the left and right of the underlip, and the true biting jaws, the 
mandibles, in front of the maxillae 

The mandibles, when not in motion, are somewhat comparable to 
a pair of mole’s feet They are of chitin and are red-brown in 
color. They are triangular and hollow and are fastened to the lower 
edge of the cranium by ball-and-socket hinges On its upper part 
(dorsal), each mandible is provided with five cutting teeth ar- 
ranged similarly to the fingers on the palm Nature’s building 
method i& interesting, using the principle of angle beams to bmld 
this important organ of the larva’s head as light as possible. The 
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two convcrgniE diitin walls arc reinforced on the inside by angle 
beams. 

A pari or a whole image of tltc profile of the mandibles with 
the five chitin teeth is frequently seen on the attacked fiber. Some 
fibers arc attacked from the side, almost at a right angle to the axis 
of the fiber. If the cut is superficial, from the side, pictures can be 
obtained like that of A in Figure 11, which shows a number of 
wool fibers. If the cut is deeper, a rupture occurred on the nar- 
rowest point in most eases, as in B and C. 

Similar forms of cuts can be found after attacks of dcrmestids 

(larvae of car- 
' pet beetles). It 
IS impossible, 
however, from 
such eaten fibers 
to determine the 
exact kind of in- 
sect A complete 
biological inves- 
tigation IS neces- 
sary to determine 
whether tineids 
or dermestids 
were at work 
In recent years 
the mothproofing 
of woolen and 
worsteds has 
gained in im- 
portance. because 
of the discovery 
of effective chem- 
ical compounds 
and simpler 
means of applica- 
tion (See Chap- 
ter 18, Dyeing, 
Bleaching and 

Fig 11 Biting forms of larva on animal fibers Reumuth Printing). 
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States imported annually 350,000 pounds of mohair m addition to its 
own production and during World War II approximately 700,000 
pounds Demand for mohair m the United States has increased to 
such an extent that in 1944 alone, the United States produced 
20,000,000 pounds and its imports exceeded 6,000,000 pounds 

TABLB 1 

HEAD OF GOATS AND MOHAIR PRODUCTION IN 
PRINCIPAL COUNTRIES 
[In millions] 



Untied States 

Unton of 
South Africa 

Turkey 

Total 

I ears — 

Head 

Pounds 

Head 

Pounds 

Head 

Pounds 

Head 

Pounds 

1932 

4 201 

16 9 

1 511 

64 

3 315 

79 

9 027 

31 2 

1933 

4 092 

16 5 

1339 

15 7 

3 081 

70 

8 512 

39 2 

1934 

3 916 

16 2 

0 944 

65 

2 637 

77 

7 497 

304 

1935 

3 565 

15 7 

0 742 

10 6 

2 743 

12 1 

7 050 

38 4 

1936 

3 715 

16 1 

0 700 

63 

3 193 

13 9 

7 608 

36 3 

1937 

3 774 

16 5 

0 700 

46 

3 700 

12 0 

8174 

33 1 

1938 

3 918 

16 8 

0 700 

51 

3 200 

16 3 

7 818 

38 2 

Averages 

3 883 

16 4 

0 948 

79 

3 124 

110 

7 955 

35 3 

Per cent 

48 9 

46 5 

118 

22 4 

39 3 

31 1 

100 0 

100 0 


Source National Association of Wool Manufacturers, BuUetm, Vol LXIX, 1939 


Development of the mohair industry Up to the early part of the 
nineteenth century the breeding of mohair goats was limited to 
Turkey Many attempts were made to establish Angora goats in 
Europe, but these attempts were not successful The rapid growth 
of manufacturing in Europe in the first half of the nineteenth cen- 
tury created a demand for mohair far in excess of what the Turks 
were able to meet By 1860, efforts were directed to the production 
of mohair in South Africa by grading up the herds of common 
goats with imported sires The first importation of Angora goats 
into South Africa took place in 1838 Up to 1880, about 3000 
Angora goats had been imported and the industry had become 
firmly established 

U S mohair production It is now over three-quarters of a 
century since the first importation of Angora goats into the United 
States A short time after the annpcation of Teims by the Union, 
during the administration of President Polk, the Sultan of Turkey 
reouested him to recommend someone to experiment in the pro- 
duction of cotton m Turkey James B Davis, of Columbia, S C, 
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was recommended, and lie received die appointment. When Doctor 
Davis returned to the United States in 1^9, he brought with him 
nine choice goats, comprising sei en does and two bucks. Ten years 
later ]ust before the outbreak of the Civil War, there were many 
fair-sized herds of Angoras in the South and the Southwest Smaller 
herds w ere also maintained in the North and the West. Soon after 
the close of the war the growing of Angora goats spread into the 
West, principally into Texas and California As the natural condi- 


T.ABLE 2 

U S MOHAIR PRODUCTION AND INCOME, 1944 AND 1945 
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1845* 
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e.ip 


Pnee 
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Pnee 



GoaU 

ter 

Pro- 

ter 

Ctah 

Costs 

fier 

Pro- 


Case 

S’ate 

rftP*edt ffool 

dzriton 

found 

Income 

dtPfeif coat 

dtut:on 

jtottno 

Irfore 






Thoas 



Thous 


Tkoas 


Thous 

Ub 

lb 

Cents 

Dol 

Tbous 

JJb 

Lb 

Certs 

J/W 

Missouri 

78 

26 

203 

46 

93 

75 

2.7 

202 

40 

$1 

Texas 

3370 

51 

18.200 

61 

11 102 

3 855 

53 

20360 

56 

11 <V- 

2Cew Mes.co 

175 

49 

855 

ST 

487 

132 

51 

675 

52 


Arizona 

164 

43 

730 

57 

416 

130 

43 

560 

51 


UtaU 

20 

52 

104 

43 

45 

15 

52 

78 

41 


Oregon 

90 

3.8 

342 

44 

ISO 

85 

36 

306 

42 

jO 

California 

23 

36 

83 

42 

35 

22 

36 

79 

3$ 

til 

Total 

4120 

SO 

20317 

601 

12328 

4,314 

52 

22,260 

55^ 



•Preliminary figures tin states wliere goats are clipped twice a ?***■. 
clipped IS the sum ol goats and Wds clipped m the spring and of Kds dipped m tne 


TABLE 3 


U S MOH.AIR PRODUCTION IN POUNDS, 1900-1945 


Year 

WeigtU of 

Mohair 

(pounds) 

Year 

We'glt of 
Mohair 
(pounds) 


1945 

22,260,000 

1934 

16.180,000 


1944 

20.517.000 

1933 

16,540,000 


1943 

20.196,000 

1932 

16.940,000 


1942 

20,730,000 

1931 

19,380,000 


1941 

21,780,000 

1930 

17.580,000 


1940 

21,140,000 

1925 

11.150,000 

1 

1939 

18,790,000 

1920 

8,570.000 


1938 

16,830,000 

1915 

6.540,000 


1937 

16,530,000 

1910 

5.920,000 


1936 

16,120,000 

1900 

961,000 

- 

1935 

15,720,000 


- 




Source. U S. Department of Agriculture. 
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tions m those regions proved to be best suited to Angoras, the 
greatest development of the Angora goat industry has taken place 
in that part of the country, particularly in Texas and, to a consider- 
able extent in New Mexico, Arizona, California, Oregon and, of 
late, Utah The greatest concentration of Angoras in this country 
IS on the Edwards Plateau of western Texas 

Mohair production in the seven leading states in 1945 was esti- 
mated at 22,260,000 pounds by the Department of Agriculture 
This quantity was 1,743,000 pounds, or 8 per cent, above the 20,- 
517,000 pounds produced m 1944, and 21 per cent above the ten- 
year (1934-43) average. 

The number ot goats clipped m 1945, estimated at 4,314,000 head, 
was up 5 per cent from the 4,120,000 head clipped in 1944 and 
was the third largest on record The average quantity of hair per 
goat and kid clipped was 5 2 pounds m 1945 compared to S 0 pounds 
in 1944 It was the highest clip per goat on record. 

Estimated income from mohair in 1945 amounted to $12,311,000, 
just $17,000 under the 1944 income of $12,328,000 The average 
price per pound for mohair was 55 cents compared with 60 cents 
m 1944 

Table 2 shows the estimates of production and of income from 
mohair by states for 1944 and 1945 

Improvement of Angora goats Angora goats in the United States 
have been developed through a long period of selective breeding 
This has been accomplished by the use of imported stock and by 
crossing the improved Angora bucks on a foundation of common 
does. 

Since 1900 ? registry system has existed for Angora goats estab- 
lished by the American Angora Goat Breeders’ i^sociation. Rock 
Springs, Texas This system was initiated by means of official in- 
spection of pure-bred and high-grade American Angoras and by 
admitting to the official register only such animals as measured up 
to the standard of excellence required by the association As a 
rule, range herds of goats are composed of select high-grade does 
that are mated with pure-bred bucks purchased from breeders who 
specialize in the production of superior registered animals 

CharactensHcs of improved Angoras Mature bucks usually weigh 
about 130 to 135 pounds; 18-month-oId bucks, 75 to 80 pounds, 
mature wethers, 90 to 140 pounds, mature does about 75 pounds 
and 18-month-old does around 65 pounds (Fig 1). 

The production of unscoured mohair per goat is about 3J4 to 
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Ayi pounds for the doe and kid band under range conditions, and 
for wethers about 4 to 5 pounds. The average weight per fleece 
which in the period 1920-1924 was 38 pounds increased to 48 
pounds m the period 1940-1944. Much of the mohair is taken off 
in two clips per year. This is particularly true of mohair grown 
m the Southwest Pure-bred herds often clip double the above 
quantities Both bucks and does have horns. The ears should 
be drooping The color of all Angoras is white "Red kids” are 
born occasionally. 

Types of fleeces. There are three primary types of fleece based 
on ^e formation of the lock, viz . the tight lock, the flat lock, and 
the fluffy fleece Angora breeders generally prefer a well-developed 
tight lock or ringlet, although some prefer the flat lock, which pro- 
duces a very desirable type of mohair. The tight lock is ringleted 
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llirouuhout almost jis entire length It is the type that is most 
strongly associated with extreme fineness of mohair (See Fig 1 ) 
The flat lock is «suall> wav\ and forms a bulky fleece This lock 
IS usiialh associated with heav) shearing weight and a satisfactor}' 
quahtj of hair. The flufty or open fleece probably stands lowest in 
character, and is objectionable on the range because it js easily 
broken and is toni out to a greater extent by the brush. One of 
the most important problems in the improvement of Angora goats 
and their mohair is the elimination of the kemp fibers, wdiich greatly 
reduce the value of the fleece A great advance has been made m 
this direction since 1920. 

Monagement of Angora goats A large portion of the Angora 
goats in the United States are maintained under range conditions 
Angora goats arc especially adapted to the use of many kinds of 
range forage, and since they can be handled m large herds, they 
lend themselves to very economical use of certain range lands 
Browse furnishes most of the forage for goats on the ranges Dur- 



Fig 2 Angora goats with kids (Texas) Photo by Ptx 
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Fig 3 Distribution of Angora goats in the United States, 1940 


mg the summer, browse and grass are often grazed in approximately 
equal quantity, provided about equal amounts of palatable species 
of both make up the forage In the winter, however, browse is the 
principal goat feed, and is absolutely necessary on any winter goat 
range which is subject to continual snow. 

Most goat ranches in the range country, especially in the South- 
west, consist of the headquarters, kidding and shearing facilities, 
and sheds for winter protection On the range, goats are grazed 
m herds of a few hundred head to over 2000 General range prac- 
tice has shown, however, that on timbered mountain ranges it is 
most economical to graze goats in heids of approximately 120^ 
head of mature animals 

The time of year to breed the does vanes for different parts of 
the country, but as March and April are the months in which most 
of the kidding occurs, the breeding season is chiefly in the months 
of October and November In the spring, goats are sheared as soon 
as the weather permits and when all danger of cold rains has passed 
In the Southwest, on account of the warmer climate, goats are sho^^ 
twice a year, spring and fall Goats are shorn with hand shears or wim 
machine clippers Before the body of the goat is sheared, all tags, 
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dung locks, and stained pieces should be removed These sorts 
should be packed separately The fleeces from kids, those from the 
middle-aged goats, and those from old goats, which have straight 
and coarse mohair, should be packed separately It is quite a gen- 
eral practice to pack the kid mohair by itself The cost of shearing 
per head in 1937 was 12^ cents for 50 or more head and 15 cents 
for a smaller number 

Maiketing The methods of marketing mohair vary in different 
parts of the country and also in respect to the quantity of mohair 
that any grower has to market Among the more important agen- 
cies involved in getting mohair from producer to consumer are 
the country buyer, the country assembler, the central market dealer, 
the commission merchant, the broker, and the manufacturer 

The small producers in the farm states often consign their mohair 
to a warehouse for storage and sale In the range country, where 
production is relatively great, the growers often bring their mohair 
to these warehouses and either sell it outright for cash or obtain 
advances on a certain percentage of the market price until such time 
as the mohair is sold to the mills 

The principal market centers of the United States are New York, 
Boston, Chicago, and Philadelphia The mohair growers also have 
well-located central points and market centers in the West The 
mohair grown in Arizona, California, Oregon, and Washington is 
mostly centralized in San Francisco and Portland, where it is graded 
and shipped Texas, which produces the largest part of the mohair 
clip m this country, has several local market points Tlie principal 
Texas markets are at San Angelo, Del Rio, KerrviIIe, and Uvalde 
Mohair is usually sold on samples inspected, and the buyer must 
deposit a sight draft previous to shipment In some instances mo- 
hair may be bought on terms The Pacific coast has a warehouse 
which classifies mohair according to the tentative grades of the 
United States into kid, first, second, and third, with stained, burry, 
and kempy mohair as off-sorts The large users of mohairs divide 
the first two grades further by sorting The mam sorts made in this 
country and commercially available are super-kid or bab}'-kid, 40s, 
36s and 32s, for kid mohair The first grade is subdivided into 28s, 
24s, 20s, and low Some dealers m mohair top use letters such as 
A, AB, B, C, and CL as designations for their sorts 

Turkey and the Union of South Africa are the principal exporters 
of mohair The present clip m Turkey' amounts to about 60,OM 
bales weiring from 168 to 182 pounds each Practicall 3 all of this 
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mohair enters international trade Constantinople is the principal 
njohair market of Turkey, The import duty on raw mohair into 
the United States is based on a rate of 34 cents per clean pound 
The grades are based, as in wool, on the possible spinning count 
obtamable using the Bradford system (560 yards per pound). 

Turkey mohair As would be expected from the native home of 
tlie Angora goat, Turkey mohair is of the very best, being of good 
length, excellent luster, and clear color Different goat districts 
supply different classes of hair, i e , Angora, Be} bazar, Castamboul, 
and Van The following list will g^ve some idea of their charac- 
teristics • 

Ftne Districts Length, 6 to 7 inches; luster excellent, color very clear, 
handle very soft 

Beyhasar and Angora Length, 8 to 9 indies, luster very good, color good, 
handle soft 

C(utamboul Length, 8 to 10 inches, luster good, color fairly good, handle 
fairl> soft 

Turkey produces also several million potmds of a reddish brown 
mohair known as Gingerline With the exception of the presence 
of color pigment the microscopic characteristics are the same as for 
white mohair 

Barker states that the quality of Turkey m o hai r is not what it 
once was The deterioration was caused by crossing with the com- 
mon Kurd goat in an effort to meet the unprecedented demand for 
mohair fiber by Europe from 1820 to 1860. The Kurd goat yields 
only a long, coarse kempj hair, mostly used for tent cloth and sack- 
cloth Smce 1880, however, the quality of Turkish mohair has 
improved by breeding back to the true Angora type. 

- mohair, drawn from the district of that name in Asia Minor, 
IS dirty and very dty, though it scours very well; it is speciall) 
mentioned in the British Factory Act as a dangerous wool, being 
more liable than other mohair to rnnt^in the deadly germs of 
anthrax. In fineness, Turkey mohair reaches about SOs quality* 

Cape mohair In spite of many difficulties, the Angora goat was 
successfully introduced and crossed with the South African variety 
to produce a breed of goats growing a good class of hair. Mohair 
from the Cape of Good Hope province now bears comparison with 
the best Turkish qualities, the climate and general conditions of 
the Cape being very suitable. The color of Cape mohair is not gen- 
erally so dear as Turkey hair, being of a' deeper brown There 
are two clips a year, summer growth and -winter growtii The fol- 
lowing list shows the principal dasses: 
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Cat<e ktds. The first slicar from the johiir goat, equivalent to lamb's wool 
Length, 6 to 7 inches, \cry lusirotis, brownish color, and very soft 

Cape first The long suinnicr growth Length, 8 inches, very lustrous, 
fairly clear in color, and soft 

Cape muter The shorter winter growth Length, S inches, good luster, 
fairly clear color, and fairly soft 

Cape liasuto A class of hair rather stronger ,ind coarser than Cape firsts 

Cape mtred A class of hair between Cape firsts and Cape winter, such 
as a late clip or a miMurc of the two clips 

Third t. L(|ui\alcnt to edges of a long wool fleece Each fleece may be 
stihdisidcd into firsts, seconds, and thirds, according to fineness, length, and 
luster 

From the foregoing it will be seen that Cape kid mohair is the 
most valuable product, on account of its extra fineness, and because 
the supply is small. Cape firsts combine good quality with extra 
length Cape mohair, in fineness, reaches the same quality number 
as Turkey hair, viz , SOs 

Physical properties The hair of the Angora goat grows in long 
uniform locks forming a fleece, which gives the animal the charac- 
teristic appearance seen m Fig 1 The raw fiber has a yellowish 
or grayish cast or color, caused by the presence of 15 to 25 per cent 
of foreign matter, such as sand, dust, and grease The grease con- 
tent is usually less than 4 per cent After scouring, the mohair shows 
the silkhke luster for which it is mostly valued The best grades 
are clear white. 

Length' The length of the fiber ranges from 4 to 6 inches for 
a half year’s growth and 6 to 12 inches for a full year’s growth 
Because of the differences in age of the kids at the shearing time, 
the fleeces are not as uniform in length as those of the grown goats 
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fENTATIVE U S MOHAIR GRADES, FINENESS DISTRIBUTION 


Grades 


Diameters 
in mterons 

Fine 

Kid 

Coarse 

First 

Fine Coarse 

From 

10 to 20 

20 

2 

5 

1 

20 to 30 

71 

39 

37 

26 

30 to 40 

9 

59 

56 

61 

40 to 50 


— 

2 

12 

50 to 60 


•— 



60 to 70 


— 



70 to 80 


— 



80 to 90 
Avcraf!e 

25 98 

50 43 

50 62 

35 25 

Dispeniion 

11 to 35 14 to 40 

15 to SO 

15 to 45 


Second 

Fine Coarse 


1 

20 

35 

25 

15 

4 


39 82 
18 to 70 


1 

9 

21 

22 

27 

20 


47 40 
14 to 70 


Third 

Fine Coarse 


2 — 

31 5 

41 21 

18 18 

«S 30 

2 20 

— 6 

45 13 61 05 

28 to 80 35 to 90 


Amebican Wool Handbook 

the^mSactarer ™«houses before it reaches 
whaiTreS^^LH^J a standard 

Aancult„rrh« X!f,.a^ Psrt*^. •»>« the U. S. Department of 
grades In Table 4 consisting, of four 

faced onX’^j“^^?f%l7nr4“” “ 








Specialty Hair Fibers 


223 


Table 5 gives the fineness graduation of eight mohair tops ob- 
tained in the Boston market, based on the measurement of 1000 
fibers each From tliese measurements it is evident that the trade al- 
ready recognizes four grades of kid and three grades of first, with a low 
equivalent to a second, making a total of eight grades The mea- 
surements also prove that the fineness is the mam factor governing 
the sorting of mohair. 

Microscopic structure In its microscopic structure the mohair 
fiber is similar to wool, but it has some characteristics which make 
Its identification possible. The epidermal scales are only faintly 
visible and hardly overlapped They he close to the stem, giving 
the fiber a very smooth appearance The number of scales per 100 


r 



Fig 5 Difference in scale formabon of wool and motor fibers 
A— fine wool, B— mohair; C— coarse wool (X500) 
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microns is five against ten to eleven in fine wools. The scale length 
ranges from 18 to 22 microns This scale formation is the cause 
of the smooth handle of the fiber as well as the high luster On 
uninterrupted fiber surface the light rays are reflected 
The cortical layer built up of the spindlelike cells is clearly visible 
as strong striations throughout the length of the fiber. In many 
instances, there exist between the cells air-filled cigar-shaped pockets 
or vacuoles of vapous lengths The percentage of hairs containing 
, such vacuoles vanes within wide limits. 



Fig 6 Cross section of kid mohair (XSOO) 


^ Medull^. The number of meduflated fibers m well-bred mohair 
IS normally below 1 per cent In a study made on Te:.^s and 
Turkish mohair the data in Table 6 were'obtained 
As m wool, three forms of medullas are foilnd in niohair, namely, 
(IJ continuous, (2) interrupted, and (3) fragmental types The 
continuous type is most common (See Fig. 4). 

Cross section Mohair is recognized immediately by a skilled 
worker as having a cross section of high circularity. The ratio be- 
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mohair is 2 92 per cent and of Turkey mohair fleece 3.58 per cent. 
In general, mohair is more sensitive to the various chemicals than 
wool, consequently, more attention should be given to the amount 
of chemicals used in the various manufacturing processes, such 
as scourmg, dyeing, carbonizing, and bleaching. As with wool, the 
mohair fibers covering the back of the animal are more or less 
damaged by sunlight while still on the animal, a damage which 
influences the dyeing property of the fibers 


Commercid uses As an upholstery material, mohair — usuall> in 
u ^ fabric — is unsurpassed for general durability 

'ised for upholstery of automobile and railroad 
car seats where the fabric must vyithstand the hardest kind of 
a not nec^sary to sacriBce esthetic properties to gam 

fill rnva durability, for it is possible to make many beauti- 

vanations in the pile height and structure, as well 
M I band-block printing; 

men’s summer suitings, in all-mohair 
mivfri ’jn +1 numerous combinations widi other fibers, sometiines 
of fh(» fahr'rf structure, but usually as either warp or filling 
IV the much advertised brands of men’s suitings 

other Ac -,”^1 m One direction and worsted yarn in fte 

niain n «. Ml suits, mohair is used extensively, woven 

T sometimes combined with wool, cotton, or 

aaUy suiteblf coatings such as boucle, mohair blends are espe- 

the^rSJJrc because it dyes brilliantly and retains 

draneri ^ •’ servcs admirably for nets, laces, and 

f^^^^pr^’duces many novel effects in decorative 
boonrf rtf The long lustrous pile is 

bv inirenJni ^ fabric and then curled and embossed, 

m Si and dyeing methods, to imitate furs and 

TfiA 7 * which are not only attractive but serviceable 

Hiohair is particularly desired for use in the 
, ® wigs and switches which are used extensively for 

theatrical purposes The value of the mohair entering mto the 
manufacture of these products probably represents a larger amount 
of money for the weight of mohair used than that used in any 
other branch of the industry 

Rugs ^ beautiful appearance, with long pile, are made from 
mohair The design is frequently effected by hand-block .printing 
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TJtesc cotnpnrc fi\onb!y in .ipprir.mcc \\uh handmade onen- 
lal ru;;« Leather made irr>m lh»' jv!t or ikm of the Angora goat 
IS useful for ornamental purposes and for the manufacture of gloves, 
purses, hcKikhindinRs, and no\clticr 

Cnshmerc 

Cashmere hair is obtained from the Cashmere "oat {Capra ^wetts 
iofsiffi'r), alco known as the ^^liawl goat or go**! of 1 ibci Although the 
name comes from the Province of Ka'^hincr in northern India, actually 
the main portion of the ca*;hmcrc of commeicc comes from the north- 
I'cstcrn proxinccs of Cluna. particularly from the provinces of Ling- 
5>a, Sui Yuan and Kaubu, where the goat is kept as a domestic animal 
The hair obtained its fame through the beautiful cashmere shawls made 
from it m tlic mountain s.alkws of the prosincc of Cashmere m north- 
ern India 





'JjS. -<w 


Fig 8 Male caehmcrc by 


flock- lug S=j2=g Ssi Yssn 
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The animal is somewhat smaller than the Angora goat It has 
straight, coarse, long hairs and a fine undercoat or down This under- 
coat alone constitutes the fibers from which the celebrated shawls are 
made and is known in Cashmere as pashm The natural colors of the 
hair are white, gray or purple and tan, with the gray and tan mixtures 
prevailing. Every spring the animal loses this undercoat and part of 
the outer coat through molting, which begins early in June The actual 
shedding time extends over a period of several w'eeks 

The hair, w'hen loose enough, is combed by hand from the anima.1 
During tins combing process much of the coarse outer hair, ^yhich is 
not suitable for fine fabrics, is separated from the down. A considerable 
amount of this coarse cashmere hair is used by the natives for hand 
weaving of coarse, heavy bags about 5 ft long and 2 ft wide which are 
strong, durable and w’ater resistant and are used for carrying grain on 
donkeys’ backs The remainder of the coarse hair, not used by the 
natives, is exported as goat hair 

The normal cashmere down consists of a mixture of the fine w’ool 
hair wdth coarse beard hair. The amount of beard hair depends upon 
the care with w'hich the hand combing w'as done and may vary from 
10 to SO per cent of the total The yidd of this mixture per animal is 
probably.not more^tbaii,onerbalf.pouiid 

* It is impossible to make an estimate of the total number of gods 
yielding cashmere wool because no data are available Probably the 
most reliable figures for the amount of cashmere wool produced are 
those which were given to R Bums in 1946 by Ae Foosing Trading 
Corporation, a Chinese Government export trading company The esti- 
mated production per annum for the main northwestern provinces oi 
China is as follows ; 


TABLE 7 

ESTIM ANNUAL PRODUCTION OF CASHMERE DOWN IN CHINA 


Province 

Kansu— Yuen 

Kansu — Hslnfengcheng: .. 
Ningsia . . 

Sui Yuan 

SiiUdang ...... 

Total . . . 


(in pounds) 



Color 
...Purple 
. . .Purple 

Purple 
.. Purple 


66.000 

202,000 

202,000 

172,000 

22,000 



Source R Bums 

These figures agree closely with prewar average annual 
figures for the~ 3 ^rs 1934-*to -1937- Trfxashmere ‘down ■fixjnr"'^®’ 
wAich amounted approximated 850,000 pounds Of this amount, t 



SfjttAMv Hair Imrirs 


229 


in *} r (.‘{lutr.i 

LucJ-IikI i‘i C 


jK.iiiKls .nujually. Data reported 
Drj jTt.ur.it »n N it( rMljlication No 224S?, "’I he 
"sT!in,".,;c hijMor, a*- hcij m Table 11. These 


tij fp:r'^tTOT5-»W\ jiiihti.r all I ji.iK o' [jonl wool and goat hajr. 

< ’nr oj tJ.c miin collcctnig tmter-? for n‘;hnjcjc is tlie dty of I-an- 
i f.r otigirnl ca^linic.e j ir’.igcs collated from the fanners, 
\.r f»5 "(bu..! *>.1 pain r;-; each, aif broni;lu b\ camel train, each camel 
tv\o pnclagcs one on cch <.idc The cashmere is unsacketl, 
J*.in4 <»t nndiinccUi'tcd and then rcjvnKcd into Inlcs ueighing approxi- 
juitcU 175 jKmnde. When the shipment In*, been thus prepared, it is 
ttaii'-p.aijtcd to Use cvj'orl centers 'I icnsm or SInngliai, for shipment to 
the mnjkct.s 

In i«o;mal times the mam imiKctmi; center is London, although 
most of the ca^hn.etc wool reaching the United States following the 
clo'cof World W‘ir II was handled through the Russian Government 
agency, ‘liic cas^hmcrc marketed by the Russians is much lower m 
quality lK«c.nu<e it is undusted and unsorted, containing a much highei 
j>erceniagc of co irse hairs W htreas a good grade cashmere should 
yield {fO per ctnl of clean fibers, this undusted product yields ony 
aliout 50 i>cr cent A furlhtr loss occurs in the dchairing process which 
may bring the final >icld from the poorest quality as low as 20 per 
ccriL 

Unqth, Cashmere wool hair is from V4 to inches long, 
whereas cashmere beard hair is 1^ to 5 inches. The hairs are con- 



Fig 9 Longitudinal view— cashmere wool hair (X240) 
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taminated with white scales from the skin of the animal. In the liglit 
of a quartz lamp, tlie cashmere hair has a bluish-white fluorescence, 
like sheep's wool The scales from the skin show a strong white 
fluorescence 

Microscopical characteristics The cashmere wool hair consists 
of tlie cortical layer and the epidermis All tlie fibers show clearly 
\ c)lindncal scales which slightly project beyond the cortical layer, 
causing a serrated effect The number of scales per 100 microns 
averages six to seven The number of scales is a means of distin- 
guishing cashmere from sheep’s wool The cortical layer of white 
and gray hairs shows distinct longitudinal streaks with crevices 
between the cells, whereas tlie brown hairs are covered completely 
with minute dj^e pigments (colored granules) Figure 9 illustrates 
three white and two browm hairs with their characteristic marks 





— ^White hair — — ^Brown hair— 

a — ^root, b — ^middle, c — tip of cashmere beard hairs (XlOO) 
Fig 10 Details of cashmere beard hair 



• 

Since the hair is obtained by plucking from the skin of the ani- 
mal, most hairs retain the root The fibers have long fine 
w'hich, because of their fineness, are already broken on the ba ^ 
of the animal The normal caslmere wool hair grows thixmer to- 
ward the root as well as toward the end 
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The fiber is practically circular m cross section; it is, therefore, 
possible to determine the fineness of the hair from its width without 
any error. The brown hair shows the brown dye pigment also in 
the cross section 

The diameter of the hair, a true indicator of fineness, is extremely 
regular with all cashmere wool hairs The values given in Table 8 
prove this very well, being based on the measurement of 1000 fibers, 
except in the last column, where 800 fibers were measured 



Fig 11 Cross section of cashmere wool hairs and one beard hair (XSOO) 


TABLE 8 

FINENESS ANALYSIS OF COMMERCIAL CASHMERE SAMPLES 


Type 

Scoured 

Gray 

Top 

Gray 

Noth 

Gray White 

Fabrics 
of Four 
Manufac- 
turers 

Average diameter, microns 
Standard deviation, microns 
Standard error, microns 
Coefficient of variation, per cent 

14 8 

30 

0 09 
20 3 

15 6 

29 

0 09 
18 6 

IS 1 

2 7 

0 09 
18 0 

15 1 
29 

0 09 
19 2 

15 4 

3 1 

on 

20 1 
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Beard hairs The beard hair consists of three parts, the epidermis, 
the corti^l layer, and the medulla. The medulla on the whole con- 
stitutes the larger part of the hair. The root and the extreme end 
do not wntam any medulla Partially medullated hair is rarely 
ound The diameter of the beard hairs is extremely irregular, 
ranging from 30 to ISO microns with an average of 62 microns 


hetmcal pi operties The behavior of cashmere fibers toward 
c emicai influences, as compared wilh wool fibers, is affected mainly 
factors, the great degree of fineness of the fibers and flie 
O'lt properties If cashmere is brought under the 
becomes saturated within a few seconds and 
together. Wool, on the other hand, must be manipulated for 
one-half to one minute before the last bubbles of air disappear 
wool, cashmere is extremely sensitive to alkalies, and, when 
nrir. ‘'^“^P^etely dissolved by caustic alkalies, such as caustic 
* 1 , ^ eashmere is markedly more sensitive toward soda ash 
^ finest wools The following experiments prove this 

frAafIS carded cashmere and Australian top were 

t^reated in 500 cubic centimeters of liquor at 115® to 120° F. for 
^if an hour The different baths contained per 1000 cubic centi- 

obtained S'this ^ 




TABLE 9 


- 

EFFECT OP ALKALI 

ON CASHMERE 


Content op Soda 
per Liter m Bath 
Liquid (grame) 

PH 

Nvmbcr 

Cashmere 
♦n Solution 
{per cent) 

Wool in 

Solution 
{per centi 


1 

90 

0 22 

0 06 


O 

10 9 

0 39 

on 


o 

10 

no 

0 91 

0 22 


11 4 

139 

033 


V® chemically identical witli wool and mohair. The 
contort of a sample was found by Harris to be 3 39 per cent 
content 162 per cent The statement made about 
being more sensitive toward the various chemicals than wool 

finSJSs of ”the fibw cashmere, because of the great 


From time immemorial cashmere has been regarded as one 
products and unquestionably it is today one 
ot the finest fabrics, for its softness affords the wearer an extrava- 
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gance of comfort, and its superb soft tetture 

all that may be desired in real elegance ‘I 

the limited number of tlie animals and the high cost 

fiber, cashmere is necessarily costly. To 

for only one overcoat requires the entire anima y 

than thirty Cashmere goats. dress 

Cashmere is used mainly for producmg ^ jespect 

goods and overcoats The most expensive 

tre the cashmere silk velour havmg a silk wa and a lOO^er c^t 

cashmere filling Occ^ionally ‘^®^®’^®f^®cashmSe in the various 

eoate or overcoats, /he perantage o ^ Unfortunately, the 

products vanes widely from lOO.to as many oroducts 

OTrf "cashmere- is often 

are called cashmere which actually 

Such fabrics can easily be identified microscopically. 

/«>« goat hmr. Hair derived « *ne“&m “ mS- 
marked as cashmere or down, running on an aver- 

ably coarser than the genuine d fineness 

age between 19 and 20 microns wto^ js ve^ ^ 
of camel’s hair Anofter distinction is 

as cream, fawn, and dark ^rowm . ^ percentages of colors 
cashmere. In a 20 , 0 W-pound P^l 10 j^c^Sm, 22 ; and light 
were: dark brown, 30; fawn, 30, wlnte, lu, 

gray, 8. 



IDispersion range* 
Sto 10 

10 to 20 
20 to 30 
30 to 40 
40 to SO 
SO to 60 
Over 60 


• In microns 
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Common goat hair The hair of the common goat is seldom used 
m the manufacture of woolen and worsted goods. The coat is 
largely made up of beard hairs. Like the cashmere goat, the animal 
goes through a sheddmg time, and therefore the hair is found mostly 
with the roots attached The beard hair of the white animals is 
used in place of kemp as an effect fiber for ladies’ sport clothes. 
This hair ranges in imeness from 7 to 20 microns for the down, 
from 50 to 200 microns for -the beard hair of ffie full-grown animal, 
and from IS to 90 microns for the kid. It resembles cashmere 
closely That China is the largest source of goat hair and goat wool 
(cashmere type) is seen from its export figures in Table 11. 

TABLE 11 

AMOUNTS OF GOAT HAIR AND GOAT WOOL 

EXPORTED PROM CHINA 

Goal Hair Goal Wool 

Year Pounds Year Pounds 


1925 3,118,060 

1930 1,206,920 

1935 2,990,020 

1940 1,567,060 


1915 1,366,200 

1920 1,111,440 

1925 3,094,960 

1930 1,654,180 

1935 2.628,780 

1940 1,821,600 


Source Phillips Johnson Moyer, The Lnestoch of China, U S. Department of State 
Publication No 2249, 1944 


Camel Hair^ 

The camel’s hair used in the American wool industry is 
chiefly in Mongolia, Chinese Turkestan, and the Chinese north- 
western provinces The camel bred in north China and Mongona 
is of the Bactrian type with two humps, as distinguished ffotn tne 
dromedary, or the one-hump camel (see Fig 12) . . 

Tlic ancestry of the domestic camel is unknown, but neither m 
Arabian nor the Bactrian exists any longer in the wild state, thpVL 
there are some semiwild herds which have escaped from 
Wild camels are said to have existed m Arabia at the start of t 
Qiristian era This coupled with the fact that camels do not ^P? • 
to have been known to the ancient Egyptians makes an Asiatic ong 
of both types plausible. 

’StroocJi, S 1 . TleSlorj of Canifl liar (1936) 
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The first person, perhaps, to make a systematic stud)^* of the 
Bactrian camel of Asia, of its fine hair, and of its probable rel^ 
tion and \importance to fine and beautiful fabucs was an Englis 
Army officer of India, Captain Thomas Hutton In his travels and 
studies he discovered that the hair of neither the diomedarj' nor 
the pure Bactrian camel of antiquity possessed the dual character- 
istic of warmth against cold and coolness in the face of heat e 
ancient Bactrian, he found, could not stand heat, and me drome- 
dary was equally at a disadvantage in cold climates But e ^ i 
learn that the age-old crossbreed of the two camels,^ producing 
great herds of the h3'bnd, or Bokhara type, knmvn native y ^ 
Boghdi, had for thousands of years possessed their individual and 
rare combination of heat-rcsistmg, cold-resistmg shaggy coats « 
hair Today this Boghdi or crossbred native of ancient Bactri 

is the generally known 
Bactrian camel of Asia 


The Bactrian is found 
in nearly all desert re- 
pons of central Asia ly- 
ing between Afghanistan, 
Turkestan. China, and 
southern Siberia, where 
it IS as important to the 
nomad inhabitants of this 
region as the Arabian 
camel is to the Arabs 
It feeds chiefly on the 
bitter plants of the step- 
pes, which are rejected 
by most other animals, 
and has a curious partial- 
itv for salt, drinking free- 
Iv of brackish water and 
salt lakes The young are 
so helpless at birth as to 
be unable even to eat for 
about a week; they do 
not attain their full size 
and vigor before the fifth 
year 



19 Uortnan camel Gobi Desert, Mongolia. 
fsy American Museum of Natural History 
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Fjg 13 Mongolian camels drinking at well Courtesy American Afuseutn of 

Natural History 


The two attempts to introduce camels in the deserte 
southwestern United States as domestic animals have failed The 
first herd, procured by the United States government from Smyfh^ 
in 1856, was distributed over Texas, Arizona, and New’^ 

During the Civil War all of these animals fell into the hands o 
the combatants and w'ere used for carrymg mails, some of them 
making journeys of more than 120 miles a day After the war, the 
remnant was once more taken over by the federal government, ana 
others were purchased in 1866 These were distributed through 
Arizona and Texas for breeding purposes, but many died The 
remainder ivere turned loose and every now and then mere 
a new'spaper account of somebody having seen one It is improbable, 
however, that any of them exist at the present time. 

Once a year the better kind of camel’s hair is gathered from the 
living animals in the molting season in late spring or early summer 
It is interesting to note the manner in whidi the liair is obtameu, 
bemg neither sheared nor pludced, as writh otiier fleece-bearing an ‘ 
mals In the spring, as the temperature grow's milder, Ae ha 
begins to form matted strands and tufts, hanging from h^d, » 
neck, and legs, from which it falls off in dumps By the time wa 
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weather lias definitely set in, the animal has almost completely lost 
Its coat 

Photographs of caravans often show a man t’^ailing the last camel 
He is the "trailer,” It should be obscn'cd that the an»mal sheds its 
fleece not only m the spring, when the gieatcst quanWy is shed, 
but the year round it is rubbing off thimks of hair /Tne task or 
tlie trailer is to pick up the hair as it uiop's from the camel ana 
place It in baskets provided for that purpose These oaskets are 
strapped to the last camel m the caravan, ana iherem is transponea 
the accumulation of the entire journey. The hair is a so to be 
m the morning at the spot where the caravan resJed for flight 

the camel rubbing it off. Where batches ° roar-hS 

are pulled free and stuffed into the baskets The tow. reached 

by the caravan is usually where Ae hair i„ across 

mg compradores who, in turn, forward it to tlie t _ -j. 

mountain and desert Eventually the hair is broug ^ . nreoara- 

to other pomts of shipment, where it is sorted and graded prepara 

tory to export t, f 

The average vield of hair from each animal per 
s 3 pouXTn Sm it was es..mattd that Xa 

camels in the regions mentioned ^ -pnters for north 

Peking-Suiyuan Railway, are the chief collecti g nro- 

west China provinces of Ningsia and Kansu w 
duction of one million pounds in 1946 
Table 12 gives an idea of the size of the camel’s-ha.r market 


TABLE 12 

EXPORT AND IMPORT OP CAMEL’S HAIR 
[In thousands of pounds] 


1934 


China export 
TJ S import 


2094 

206 


3641 

586 


1936 

2338 

526 


1937 

1404 

307 


Marketing of camel's The Xtaif s^p^d «Sy*to 

by Enghsh mteresB, “X” * pteee !hehair .s marketed 
^ndon, which is Ihe ^r in sSi^nufactured products such 
^SvW^rd SmdVhmr noils The trade grades are-fine, 
medium, and coarse or qualities 1, Z, mia 



238 


American Wool Handbook 


The^outei^hTir^n*f^fh^ mixed fleece similar to the Cashmere goat 
me outer hair of the animal js very coaise touixh nnd wirv It 

t Beneath the outer hair is a short, 

inches length from 1 to 5 

ca}}ipl\-haiy -M ; ^I'c the valuable product known as 

the sheddiofr timp ^ together during 

wool fibers ^ A d^cult to separate the hairs from the 

possible bera ®P^ration to the extent effected in cashmere is not 
The tvpe wifh^^fb ' Percentage of heterotypical fibers is present 
for a covennff predominates. The sudden need 

for nmfiitr ^ shedding is probabl> the stimulating factor 

climactic enn^f medullated fibers, especially with the severe 
waTto Siberia, The best 

Process Tn tbo is through the combing 

rated fhe mn machines the two t^-pes of hair are sepa- 

fibers romb, producing the top and the short 

amount nf grades are based on the 

mainlv nf fibers still present The fine camel’s hair consists 

liP'ht b ^1 camel’s-hair w^ool, of a very characteristic 

is^an « n ^ brown color Tlie fineness analysis of a IS inch staple 

100 fibp^f illustration based on the measurement of groups of 
lOU fibers, showm m Table 13 

r/tarac/erijficr The w’ool fibers are unitorm m 
range from 9 to -40 microns The epidermal scales are 


Table 13 

FINENESS VARIATION IN A IS-INCH CAMEL HAIR STAPLE 


Position in staple from root 
Average diameter (microns) 


(inches) 


Dtsperston range {mterons) 

10 to 20 
20 to 30 
30 to 40 
40 to SO 
50 to 60 
60 to 70 
70 to 80 
80 to 90 
90 to 100 

100 to no 



6H 

49 5 
Per cent 



23 

64 

9 

2 

2 


S 

26 

34 

12 

14 

2 

7 


1 
4 
19 
. 20 
21 
22 
13 
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poorly visible The diagonal edges of the scales are more or less 
sharply bent The cortical la>er is regularly striated and filled with 
color pigments Some hairs show interrupted medulla The pres- 
ence of these medullated fibers and the wider dispersion range are 
the characteristics that identify the fibers Beard hair is dark 
brown to black, 30 to 120 microns broad, with a wider and mostly 
continuous medullary cylinder The thin fiber layer contains strong 
accumulations of dark brown to black granules The medullary 
cells are short but broad, and are filled with color pigments 

The data in Table 14 illustrate clearly the variation in fineness of 
commercial camel hair of the various grades 

Chemical properties Raw camel’s hair contains on the average 15 
to 25 per cent sand and dust, and 4 to 5 per cent fat , 75 to 85 per 
cent IS fiber Harris established the sulfur content at 3 47 per cent 
and the nitrogen content at 1648 per cent for purified camel’s hair 
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TABLE 14 


FINENESS ANALYSIS OP COMMERCIAL CAMEL’S HAIR 


Types 

Scoured 

and 

Carded 

Top 

Kotls 

Fine 

i 

Coarse 

No 1 

No 2 

No 3 

Number of fibers 
Average, microns 
Deviation, microns 
Stand error, microns 
Vanation, per cent 
Dispersion, microns 

1000 

19 7 

6 60 

0 21 

33 4 

10 to 45 

1000 

18 2 

5 48 
017 
301 

6 to 40 1 

1000 

23 1 

9 46 

9 30 

40 9 i 
10 to 55 

1000 

18 0 

5 38 
017 
29.9 

8 to 40 

500 

209 

7 75 

0 34 
37.1 

8 to 50 

500 

22 8 

9 31 

0 42 
40 8 

10 to 55 


These amounts are nearly identical with those found in cashmere 
and mohair It is therefore logical that camel’s hair shows the same 
behavior toward chemicals as the two previous specialty hair fibers 

Uses Camel's hair has found its greatest use m men’s high-gra<J® 
overcoating. Because of their high insulating properties, these 
fabrics are especially preferred by Arctic explorers Probably no 
other fabric is as badly misrepresented in the market as camels 
hair The public is becommg more and more conscious of this fsot 
and IS insisting on properly labeled goods The characteristic tan 
color does not ensure Ae consumer against buying a cheaper sub- 
stitute because the color can very easily be matched by any experi- 
enced dyer A proper microscopic analysis Is the only way to dis- 
close the real presence of the camel’s hair 


The Llama Family^ — Auchenias 

The llama constitutes one branch of the small family of 
known as the Camehdae, the Old World camels constituting ^ 
other branch of the family Whether camels and llamas 
descendants of a single progenitor has not been definitely establisne , 
but the discoveries of fossil forms of the true camel in various par 
of this hemisphere seem to lend strength to the contention* The w 
branches, however, are now quite distinct , j 

Today four distmct and two hybnd species of llamas ^ 
all are confined to the Pacific coast regions of South Amer > 

3Stroock, S I , Llamas and Llamaland <1937) Hodges, W H . Camels of the C/p«*' 
The National Geographic Magaaine LXXXIX, S, pgs 641*56, May 1946 
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occurring chiefly in the inaccessibi. regions of the high altitudes 
These species are llama and alpaca, the domesticated members of 
the tribe, guanaco (or huanaco as it is known in Peru) and vicuna, 
the wild members The hybrids are huanzo, known to the Indians 
as huaro — progeny of a llama father and alpaca mother — ^and paco- 
llama, or imsti in Quichua, the language of the aborigines — off- 
spring of an alpaca fattier and a llama mother Unlike most hy- 
brids, these two animals are productive, but after a few generations 
they usually revert to type. The vicuna and the alpaca have also 
been crossed to produce two other hybrids, paco-vicufia and vicuna- 
paco, depending on whether the fathei was alpaca or vicuna The 
intention of this interbreeding was, of course, to produce an animal 
that would combine the stature and heavy fleece of the alpaca with 
the magnificent hair of the vicuna But these expectations were not 
realized, and today these two hybrids are practically extinct 
There has always been a good deal of confusion as to the origin 
and classification of the various llamas, but today scientists are in 
gerleral agreement that the llama and the alpaca are the direct de- 
scendants of the guanaco, and the vicuna is a distinct species No 
doubt a long period has elapsed since their evolution, for both the 



Fig IS Peruvian llamas Courtesy Evnng Galloway, New York 






and to&v for probably 1200 yeare, 

domiticated P™”0«nced difference between the wild and 

Ti e t, K <■ t. physical characteristics and behavior 

Andean !eLmnf nf guanaco, is the high 
wS TrZr,f. north- 
other onen ^pac f guanaco once roamed the pampas and 

includine- all thp Ecuador to Patagonia (southern Argentina), 

' IS confined countries, and Chile, but today it 

ern,^or^ordi??P^il*^"^^^” ^'''^° principal chains, the west- 

the eastern or miles from the Pacific, and 

ward slant ’ Rpf«roo Paralleling it, but with a slightly east- 

uninhabitable 30f)-m j chains lies the puuaj the vast almost 

Ecuador to dip ! wide tableland that stretches from southern 
ever for uoon it plateau is not absolutely and, how- 

grass tc/w ^chipf ^ mosses and lichens, including the 

and bushes Thp/^^ llamas and a few stunted trees 

heavy orecinit^m^/^^^ P^s^^ble by the moderately 

until about the season (from late November 

mists thafmto^^^S to some extent, by the thick 

mists that intermittently sweep down from the mountain heights 

CamJidarweighZ^g^J^^^^ the largest o’f' the ^dean 

third the size of the OlH w being approximately one- 

hke that of tL J ^ oamel The body, which tapers 

ing the animal ®bout equal in length and height, giv- 

pearance The llama ^ Proportioned and exceedingly graceful ap- 

whidi tenninates abruptly 
ila Xlat fa W Ttf '’°^y ,1*® '“S fa wdl covered, bd 
known in the fur tra^ heece is valuable as fur and is erroneously 

that of the alpaca. with\ miSure^of “ff resembles 

Auiur^vv u £ ™ ^ mixture of fine hairs and kemp 

run to browns colors, the llama fleece has a tendency to 

Sown aSd Shprc ® ^’^bter, of course, some are pure 

of colors Thp tiai^^^ black; some are pure white or a mixture 
T? ,1 . belly is generally white 

Darenttv^^wavc^f^n^**^ importance is as a burden carrier, and ap- 

able draiurtit ^ i today the llama remains the only reli- 

able draught animal of the upper Andes, it is able to live at alti- 
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ludcs of over miles .ibove sea level without being subject to 
mountain sickness. 

There arc about 2,000,000 llamas m Bolivia today, and probably 
a little less than half that number in Peru, with another 100,000 
distributed throughout the higher areas of Ecuador, Chile, and Ar- 
gentina The}' arc owned almost exclusively by the Indians, who 
alone appear able to understand and manage them 

Alpaca^ 

Equally as important and surely of more specific importance to 
the textile industry is tlie alpaca. Lama glama pacas, the second of 
the domesticated species. This animal has always occupied a major 
position in the economic life of the great Andean plateau It was 
indispensable to the general welfare in both Inca and pre-Inca days 
and has been almost equally so in the centuries that have intervened 
Even today, although the sheep of the lower altitudes have increased 
immeasurably in number, its position as a fleece bearer is unchal- 
lenged (See Fig. 16) 

Physical characteristics The alpaca is somewhat shorter than the 
llama, seldom bemg more than 3)4 feet high Its body, however, 
IS proportionately larger, and of greater bulk Like the llama, it 
IS variegated in color, with grays and fawns predominating. Some- 
times it IS of a coffee color, sometimes pure white or black, and not 
infrequently piebald Its soft fleece is remarkably beautiful, fine 
and strong The average weight of the animal is 175 pounds 

The hair of the alpaca hangs down its sides, rump, and breast 
m long, glossy, and more or less tangled strands, measuring from 
8 to 12 and, not infrequently, 16 inches in length, and when left un- 
sheared for long periods it attains lengths of nearly 30 inches This 
hair differs from that of the llama in having no coarse or brittle 
fibers, which are common in the fleece of the llama It shears from 
4 to 8 pounds every second year 

There are two distinct breeds of alpaca, the huacaya (or bacaya, 
as It IS called in some districts) and the sun The huacaya is bigger 
than the sun, heavier in weight, and in a general aspect more closely 
resembles the llama. The suri, however, produces a fleece that is 
finer, more lustrous, and thicker. The comparative weights of the 
fleeces yielded by these animals are. huacaya 5)4 pounds, sun 6)4 
pounds, for the same period of growth and the same length of 
staple 


^Alberts, H W , Amencan Consular Report No 305, July 1944, Lima, Peru 
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In 1944 It was estimated that there were 2,000,000 alpacas m Peru, 
50,000 in Bolivia and a small number on the high plateaus of Argentina 
and Chile. Neither Peru nor Bolivia has ever made a census of the 
animals, so it is impossible to estimate the! number of heads with any 
degree of accuracy. 

The alpaca does not thrive in regions lower than 12,000 feet, 
being in its own element in the lofty regions of 13,000 to 16,000 
feet. It often ascends to heights of 17,000 feet or more, just below 
the snow line The animal is not found north of the equator because 
of the absence of the grass ir/iM, its principal source of food. Nor 
has its acclimatization been found possible elsewhere, although a^ 
tempted in various parts of the world, notably in England and 
Australia. Further efforts, however, are not likely to be made m 
the future, for under a law enacted by the government of Peru, 
the animal’s exportation is now rigorously prohibited. 

Until shearing time, the alpacas roam the limitless range through- 
out the day, and in the evening return to their corrals, dilapidated 
structures of stone for the most part, many of them antedating the 



Fig 16 The Sun, finest breed of alpaca Courtesy of S /* Sirooch 
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Inca’s regime The sixth sense of the alpaca is uncanny, and the 
flock knows instinctively when the time has come to follow the 
leader, called hahio by the Indians, to tlie fold, unfailingly they re- 
turn on the minute The reason for enclosing the flocks at night 
is to obtain tlie excrement, the principal and, before the coming of 
the railroad, the only fuel of the puna. This product of the alpaca 
finds its chief use m the mines 

Efforts to raise the alpaca on a large commercial scale have been 
made from time to time, but invariably without success A few years 
ago, for example, a British company leased thousands of acres from 
the Peruvian government for this purpose, expecting to raise the 
alpaca as sheep are raised, but the enterprise failed 

Hybrids of llama and alpaca — huarizo and tmsti Being members 
of the same family and endowed with the same instincts and habits, 
llamas and alpacas mix freely, and out of the association come two 
hybrid animals, each possessing certain of the characteristics of 
both animals As has been stated, these animals are huarizo, born 
of a llama father and an alpaca mother, and misti, the progeny of 
an alpaca father and llama mother In some remote regions, the 
huarizo is employed as a beast of burden, but the misti is never so 
used The fleeces of these hybrids are not as fine, generally speak- 
ing, in either texture or quality as that of the alpaca 

Fleece production All of these animals produce a certain amount 
of fleece, but by far the preponderant portion is derived from the 
alpaca, which, in 1935, accounted for 93 per cent of the total Peru- 
vian clip of approximately 8,200,000 pounds This* included first, 
second, and inferior qualities The actual figures were* alpaca, 93 
per cent, huarizo and misti 5 per cent, and llama 2 per cent The 
amount of fleece actually available for any manufacture of fine fab- 
rics, after eliminating inferiors, approximated only 4,000,000 pounds 
per annum in recent years From 1938 to 1942 the total annual export 
from Peru amounted to approximately 7,100,000 pounds, of which 88 
per cent was alpaca, 8 per cent huarizo and 4 per cent llama 

The puna country stretching north and northwest of Lake Titicaca 
in an almost illimitable sweep is the chief fleece region, the most im- 
portant collection points being Cusco, Sicuani, ^ecacupe, Santa 
Rosa, Juliaca, A3U’avire and Puno, the fiber obtained from the last- 
named town, however, is not considered of high grade Eventually 
all of these fleeces are shipped to Arequipa, via Cusco and Puno, for 
grading and sorting for color, after which they are baled for export 
to the markets of the world Arequipa, a city in southwestern Peru, 
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F>e 17 The HoarjTO, born of Dama father and Alpaca mother 
Courtesy of S f Stroock. 


of feet, about 100 miles from the port 

sheared during the wannest months of 
rcLnOv December, ^ust after the mins Until 

wonl Jiih primitive manner by cutting tl«c 

xlr&n ^ tuie shears arc being used. , 

1 ^ arrives in Arequipa in bulk, having been turned in and 
wound up into small bundles, resembling hanks, for easier iranS" 
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} i‘ J.'lS'i.n A< 'he < .ire c'up'.ttd. flic fleece is examined ver) carc- 
si'lK fo *{'' shis ti in*: hem prnperh upre^ented for grade and 
ti. si h n< *. hern jfindid/* a unit hnnortd pmciicc of increasing 
vcr;h! 1 hr pr.^rrdutc htic ii to dampen the fleece and load it 
V '•!) < >n ! V h,«h V hm it dr.t*.. adhere'' to the fleece and becomes 
hht >rl'\ m ctTnj Tlic flciec then weighed, after which it is 
5 }«,, tojr,,'. cMh cm’ot hung piled ccpar.itcl} for later careful 
•'^orjinc In d {*r«hm,n»r\ tnrtmg the texen basic colors arc ob- 
j'.nud T l«\ .»rc v hiic. fawn, grav, light brown, dark brown, black, 
.md pich'ld \ftcr the alpaca fleece is sorted, it is put up m the form 
of '‘hump's'* and sent to the press for baling leach bale weighs 100 
kdoc, or 220 pound*- I lama, htianro, coarse fleeces, and short 
p>cc< are Inmlled separately. 

Of the total jirld of 11 nna flctits, including the various grades, 
it is cdimated that more than SO per cent passes through Arcquipa 
to the port of Mollendo, Peru The remainder, shipped from Oillao 
and Tacna, other Peruvian ports, is knowm as Callao fleece and 
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Tacna fleece These are inferior in quality and poorly sorted The 
packers put these various colors into lots of 100 bales each The 
approximate percentage of the various colors present imsuch round 
lots is: white, 12 per cent; piebald, 10; light fawn, 13 to 14; light 
brown, 13 to 14 , dark brown, 21 ; gray, 20, and black, 10 In order 
to get rid of all the colors, the packers will not break up their round 
lots and sell separate colors 

In the period from 1938 to 1942, Peru exported a yearly average 
of 6,230,000 pounds of alpaca, 320,000 pounds of llama, 91,000 pounds 
of short huarizo and 470,000 pounds of fine huarizo wool 


Vicuna 

Vicuna wool is obtained from the smallest and most agile species of 
llama, the vicuna (Lauia victmna). It is the rarest and finest fiber 
classified as wool and is therefore very much sought after. 

The wild vicunas, valued for their wool and meat, had been hunted 
by the Indians since remote times. Before the Spanish Conquest, hunt- 
ing was regulated under strict surveillance by the Incas or Indian 
Only once in every 4 or 5 years was a hunt (or diaco) orgamzed ana 
was always accompanied by a great celebration Hunting by indiwduals 
was prohibited Only the Inca, his family and some persons of bigh 
could use the skins and the wool Under this regulated system of 
ing, the animals maintained their numbers So far as is known, the 
Indians never domesticated them 

During the colonial period under the Spanish regime, the chacos were 
conducted without order or regulation They were repeated frequ^tiy^ 
killing not only the males but also the females and young animals bn*® 
arms were used also, resulting in depletion of the flocks to such an 
extent that the speaes was facing extinction 

In 1825, shortly after the declaration of independence, the bberato i 
Simon Bolivar, had two decrees promulgated prohibiting the killing 
vicunas, and permitting them to be sheared only in May, June and jnv 
in order that the mildness of climate might substitute for tlie 
wool. A fine for violation of the decree was provided The domesticati 
of vicunas was encouraged by the offering of a reward for 
domesticated This offer extended over a period of ten years Twe ij 
years later the production of alpaca-vicuna crosses was encouragea 

Because of considerable illegal traffic in skins and 
tion was issued in 1898 reinstating tlie decrees of 1825 In ^ 
ing of the animals was restricted and in 1920 ^^ckins 

vicuna cloth and the manufacture of articles from vicuna wool ana 
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prohibited. Exportation of vicuna wool and the sale of articles 
made from vicuna wjool uas prohibited in 1926 This so discouraged 
efforts to raise vicunas that in 1936 a decree was promulgated which 
permitted the raising of \icunas tinder domestication and the sale of 
wool under got ernmental supervision 
The animals are found m the wild state throughout the Andes moun- 
tains of Peru, their greatest concentration being in the Departments of 
Puno, Curco, Apurimac and Arequipa They are found also in the 
mountain areas of Bolivia, m the extreme northern part of Chile, and 
in small numbers in the Province of San Juan, /^entina In 1946 it 
was estimated that there were approximately 50,000 vicunas in Peru 

The habitat of the 
vicunas is at elevations 
of from 13,000 to 16,500 
feet, where climatic con- 
ditions are not extremely 
variable They abound 
where short grasses are 
found in the high damp 
prairie areas known as 
bofedales Although they 
usually live at higher ele- 
vations, they are often 
found grazing m flocks 
with alpacas and llamas 
Smaller than its three 
relatives^ vicunas stand 
less than 3 feet high and 
weigh from 75 to 100 
pounds They are the 
most timid as well as the 
most graceful in appear- 
ance, having a fine, 
slender form (Fig 19) 
Their bodies are covered 
with a short wool On 
the necks of the animals. 

It has the appearance of 
fine down On the flanks 
toward the chest and 
belly, the exquisitely soft 
coat IS much longer and 



Fig 19 The Peruvian Vicuna. 
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vicuna, color The color shades to a 
nn^ hav« fj bell}' and the inside of the thighs, but this wool does 

chpqf length or degree of fineness as the rest Between the 

flantfc almost down to the knees, and continuing along its 

ncuna a of long white hair w'hich form an apron, giving the 

in thp characteristic appearance The apron is accentuated 

havintr n'n f vicuna differs from the other three species also in 
ha\ ing no callosities or bare spots on its hind legs 

in tbc w ool w as used by the Indians 

from thp sw'catcrs, W'hijdi have now disappeared 

leS Bedspreads were made from the skins of the ne?k and 

Thp amoitt'f ^ the meat in the form of charqui or dried meat 

to 1941 rSr f exported during the period 1933 

to 1941, Illustrate the rant}' of this fiber. (See Table 15 ) 


TABLE 15--VICUNA WOOL EXPORTS 


I'car 

1933 

1936 

1938 . .. 

1939 

1940 

1941 


—Countries of Destination 
Great United 
States 


Britain 

1,107 

3,881 

1,916 

246 


1,173 

1,379 

1,173 

7,995 

906 


Italy 


132 


Total 
In pounds 
1,107 
5,054 
3,427 
1,419 
7,995 
906 


m^elv SIO m w'ool sold for approxi- 

iTl 939 S7 W t ' ° 7 00 P" Wo : 1 938. $7 SO per kilo . 

Wo n Wo ‘3 ^ 50 P« '‘■'o and in IMl $1000 ijr 

W'lien^tiimfar^i.^*^ domesticated only when captured veiy young -or 
domestication ^t)ld Numerous attempts have been made at 

Althoup-h recently has it been a comparative success 

vicuna^fora Inn govemmcnt has encouraged domesbeabon of 

Francisco Parerffc^K^^’ ^ ^ persons have done so One of th^, 
wS^n ?Qio J ' 7 ^^® accumulated a considerable flock He began Ins 
194? he captured live young animals In the latter part of 

20 ^ ^ 300 animals, which compnsed 

WH ^ castrated males, 45 young males, 48 young nn* 

bred females SO breeding females and 62 y^ung offspring 
Mr Pared« beg^ shearing his animals in 1938, obtmmng annually 
an average of 6 to 8 ounces of wool per animal 

rosses occur under natural condibons w'hen male vicunas mate with 
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female alpacas The offspring of alpaca-vicuna matings are known a** 
paco-vicunas Their wool is an improvement over that of the alpacas 
being fine, silky and long, but after tlie first shearing, the wool loses its 
fineness and the daglocks, which comprise the wool of the legs and chest, 
develop strongly The hybrids are taller than the vicunas and very 
resistant to cold. 

There are two governmental projects in Peru on which work on 
vicunas is being conducted One is located at the Granja Modelo de 
Puno at Chuquibambilla and the other at La Raya between the Depart 
ments of Cuzco and Puno The Granja Modelo de Puno is an official 
technical dependency situated in the Province of Melgar, 13,000 feet 
above sea level In 1943 there were 28 animals, four of which were born 
at the station that year 

In 1943 a farm was established with headquarters at La Raya to 
study the system of pasturing, selection of breeds, crosses, diseases and 
other problems concerned with raismg auchemajs which include vicunas 
In June 1945, the Peruvian Government promulgated a law, number 
10,189, which charges the Ministiy of Agnculture with the task of 
studying ways and means of improving auchenias and to sponsor, 
especially, the campaigns conducted for the breeding and domestication 
of vicunas The monetary means for carrying out the measures are pro- 
vided from a tax levy applied to all classes of wool, including imported 
wools, amounting to 23S4 per cent ad valorem Of this money, one-fourth 
IS used for the support of a model auchenia farm 

Under present laws in Peru and neighboring countries the vicunas 
are increasing It is not uncommon to see as many as 10 to 15 flocks in 
crossing the mountains between Arequipa and Juliaca If the present 
system of raising vicunas under domestication prove? to be successful, 
the number of animals can be increased enormously The area suitable 
for raising them is extensive 

TABLE 16— ALPACA, VICUNA, LLAMA AND HUARIZO IMPORTS 
FROM PERU BY THE UNITED STATES 
(«t the grease in thousands of pounds') 



1938 

%* 

1942 

%* 

1943 

Vo* 

1944 

%* 

Alpaca 

1,237 

19 

4,084 

80 

5,235 

89 

6,295 

94 

Vicuna . 

1 

33 

0 

0 

0 

0 

0 

0 

Llama 

0 

0 

177 

72 

190 

79 

142 

92 

Huarizo 

11 

24 

195 

39 

429 

80 

455 

95 

Total 

1,249 

17 

4,456 

76 

5.854 

88 

6,892 

94 


* Of total export The remainder of the Peru export went to tlic United King- 
dom, Germany and Belgium 

Source Alberts, H W , Amer Consular Report 313, Julj 19-14, Lima, Peru 
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Unquestionably the steady demand for vicuna wool in the United 
gtates and the great publicity given to the fibers have convinced the 
eruvian Government that its export on a large scale would be a very 
worthwhile source of income for the State 

Guanaco^ 

Tl^ fibers of the guanaco (^Laina huanaco) have only recently been 
introduced by the woolen industry as one of tlie luxury fibers Tlie 
f the original stock from which came the llama 

^ iT ^ ^ smaller in size than the llama never growing to 

more than four feet, but is larger than either the alpaca or 
the vicuna ® ^ 



Fig 23 Guanacos Courtesy Nezv York Zoological Society 

S®*^cral the guanaco is scattered over a much larger territory 
man the other auchenias It is found m its wild state as far south as the 
btraits of Magel an It seems that the animal has migrated southward 
becau se, in the llama land proper, it is very rarely found. It is quit 

®Bichrach M , Fur, 1936 
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plentiful in Patagonia where the animal furnishes the natives with 
food and raiment 

Although it resembles the llama somewhat in its outer form, the 
back of the guanaco is more arched and its body is less tapered at the 
waist Guanacos are by far the swiftest of the four speaes, are very 
shy and travel in small herds The mixed coat is rather shaggy but 
the down is of unusually fine texture The color of the wool is reddish 
brown on the upper and white on the lower portions of the body, much 
like the vicuna, but the white area is larger. The pelts, especially 
the baby guanaco, known as guanaquito, resemble those of the red fox 
Some of the peltries taken in Chubut are very red; m fact almost 
copper-color. 

Argentina is the principal source of guanaquito furs and the gu- 
anaco fibers used in the woolen industry are obtained from Argentina 
peltry by the cutting and blowing process described under rabbit hair 
The peltry of the guanaquito is used for trimming cloth coats Their 
use for fur purposes is possible because the hairs of animals a few 
weeks old are rather straight and lack the wooly texture The best 
grade of peltry is that which, in general, resembles the fox and in 
which the beard hair is similar to the guard hair and the fine down, 
the fur fiber The peltnes are known % the names of the collecting 
sections These sections are* Rio Gallegos, Chubut, Punta Arenas, 
Rio Negro, Santa Cruz, and Pampas The finest ^e of peltry is 
produced in the Rio Gallegos district which extends from southern 
Santa Cruz southward to the Punta Arena area 

There has been confusion about the proper name of this peltry 
because certain concerns in the trade have adopted the name vicuna 
for it This name is naturally misleading when used for the fibers 
cut from the guanaquito peltiy. 

The hair is a mixed type contaming approximately 10 per cent 
beard hair Microscopically, the guanaco is similar to vicuna, the only 
difference being in the fineness and color Fineness measurements made 
on guanaco fibers place it between the alpaca and vicuna Fiber width 
averages vary from 18 to 24 microns Fineness analyses of various 
guanaquito and baby vicuna samples obtained from living animals in 
the New York Zoological Garden, from Argentinian pelts and from 
commercially prepared cut and blown samples gave the results shown 
in Table 19 The results show clearly the difference wluclr exists in 
regard to fiber distribution in vicuna and guanaquito They also indi- 
cate that baby guanaco born in New York carries a coarser fleece than 
that normally found in the Argentina animal The same is true of baby 
vicuna, the average fiber diameter of that bom in New York being 
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nearly 2 microns coarser than that of the Peruvian animal Guanaqwto 
IS comparable m fineness to 80s wool, but its physical structure makes 
tt much softer and more lustrous 



Fjg 24 Guanaco cross section (XSOO) Courtesy Forstmann Woolen Co 


TABLE 19— FINENESS ANALYSES OF GUANAQUITO AND BABY 

VICUNA FIBERS 


No of Fibers 
Per cent of fibers from 
0-10 microns 
10-20 microns 
20-30 microns 
30-40 microns 
40-50 microns 
50-60 microns 

Average microns 


Gmnaqutto 

Commercially 

Prepared Argentina 
{cut and blown') Skin 
400 400 


Baby Vicmo 


New York 
Zoo 
400 


New 

Zoo 

400 


10 

720 

1725 

45 

40 

125 


30 
5725 
300 
5 75 
3 50 
050 

203 


05 
345 
5075 
775 
300 
3 50 


239 


20 

925 

425 

100 


025 

147 


191 
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Properties of Specialty Hair Fibers 

Physical properties The fleeces of the llama and the alpaca are 
similar m character to Angora goat hair During the years of 
breeding, the undercoat has disappeared and the hairs have become 
quite uniform in diameter and length A high percentage of kemp 
is present in the llama, whereas the fine alpaca has practicully none 

The raw fiber contains a 
small amount of natural 
grease (less than 4 per 
cent), and the total 
amount of impurities 
does not exceed 25 per 
cent The average yield 
of fiber IS 80 per cent. 
The length varies from 
4 to 11 m as shown in 
Fig. 20 in the length 
curves of the main spe- 
cial^ hair fibers. 

Alpaca (1) and six- 
month kid mohair (2a) 
tops show the same aver- 
age length, 3 8 inches, 
but the alpaca is far less 
uniform, which is indi- 
cated by the difference in 
the coefficient of varia- 
tion alpaca 42 per cent 
and mohair 34 per cent 
The sample of twelve month kid mohair top (2b) has an average 
length of 6 1 inches, with a coefficient of variation of 38 per cent 
The average length of a fine camel’s-hair top (3) is 2 1 in against 
1 5 in of a cashmere top (4), with a coefficient variation of 24 per 
cent of camel’s hair and 33 per cent for cashmere 
The vicuna fleece has two distinct types of hairs, similar to camel 
hair the* outer or beard hair and the under or wool hair Beard 


taka* 



Fig 20 Comparative length of Alpaca, Kid 
mohair, Camel hair and Cashmere tops (I) 
Alpaca top (2-A) Kid mohair 6 month top 
(3) Camel hair top (4) Cashmere top (2B) 
Kid mohair 12 month top 
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hair is not used, whereas the wool hair, whidb grows dose to the 
skin, IS the softest and finest wool fiber used in wool manufacturing 
The average length is about 2 inches 

Strength The figures given in the literature regarding the 
strength of these specialty hair fibers vary considerably. Table 17 
shows results, establishing the strength factor on a more scientific 

basis, obtained m the laboratory of the Forstmann Woolen Com- 
pany. 


TABLE 17 


BREAKING STRENGTH OP SPECIALTY HAIR FIBERS 
(Standard conditions. 70® P. at 65 per cent R.H ; bundle test on tops ) 


Qtialily 

Average 

Ftneness 

(mtcrons) 

Average 

Bun& 

Sure 

(grams) 

Average 

Breaking 

Strength* 

(Ib.persq.in) 

Coefficient 
of Variotien 
(percent) 

Mohair, super kid 
Mohatf, 32s 

Mohau-, 22s 

Cashmere down 
Canid’s hair, fine 
Camel’s hair, coarse 

25 4 

30.0 

36.4 

ISO 

20 7 

26 6 

00889 

0.0896 

0.0891 

0.0296 

0.0578 

0 0603 

35,610 

35,220 

35,330 

23,870 

29,590 

29,880 

24 

11 

25 

3.3 

32 

32 

Alpaca, white 

Alpaca, light brown 
Alpaca, black 

27.0 

270 

27 0 

0 0944 
0.0885 

0 0915 

30,090 

28,870 

27,810 

07 

26 

3.4 


*Calculattd oa a dty basis 

1 in?*®' camel’s bair, 2 in., mobair and alpaca. 3 in., casBineK, 


The socially hair fibers were found to be generally stronger th^ 
the wool of the same fineness, with the mohair fibers lading m 
sfrcngth. It is interesting to note fiiat the fineness does not influence 
the strength, as it does in wool The amount of dye pigments 
present has a dear influence on the alpaca fiber, with the black al- 
paca approximatdy 8 per cent weaker than tlie white. The fine- 
ness of the various hairs j-idded by the members of the llama fam- 
ily IS indicated in Table 18 

Expressed in wool fineness terms, llama, alpaca, and huanzo 
range between a S6s and a 60s wool grade, with the baby Hama as 
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fine as 70s The vicuna is between a 120s and a 130s wool quality, 
which indicates that the vicuna is by far the finest fiber of all wools 
and specialty fibers. 


TABLE 18 

FINENESS OP COMMERCIAL HAIRS PROM LLAMA, 
ALPACA, AND VICUNA 


Types 

Llama 

RaV! Baby 

iitxed Scoured 

Alpaca 

Scoured Tops 
Piebald Various 

Huariso 

Scoured 

Carded 

Vicuna 

Scoured 

Carded 

Number of fibers measured 

500 

400 

1000 

1200 

500 

1100 

Average ♦ 

27 0 

20 1 

26 7 

27 3 

25 8 

13 2 

Standard deviation * 

6,3 

44 

7 1 

80 

6 1 

2 3 

Standard error * 

0 28 

0 22 

0 22 

0 23 

0 27. 

0 07 

Coefficient of variation, per cent 

23 3 

21 9 

26 6 

29 3 

23 6 

17 4 

Disiicmon * 

10 to 60 

10 to 40 

10 to 60 

10 to 60 

10 to 50 

6 to 25 


* In microns 


Microscopical characteristics The epidermal scales of all hairs 
of the llama family are very indistinct, although present, similar 
to camel’s hair The cortex is regularly striated and filled with color 
pigment except in the white The main characteristic is the pres- 
ence of interrupted medulla In general, less than 10 per cent of 
the fibers are nonmedullated In the beard hairs, this medulla 
shows a contraction in the middle, appearing as a double channel, 
as seen in the cross section of the alpaca hair This form of medulla 
IS of great aid in fiber identification (see Figs 21 and 22) 

Chemical properties Harris found a sulfur content of 4 17 per 
cent and nitrogen content of 16 3 per cent in an alpaca sample In 
vicuna hairs the sulfur content was 4 1 per cent and the nitrogen 
content 16 26 Compared with wool and other specialty hair fibers, 
the sulfur content is approximately 0 5 per cent higher In general 
behavior toward chemicals, they are similar to mohair and camel’s 
hair, and show poor fulling properties 

From time immemorial the fleeces of the llamas have been used 
by the Indians in the production of blankets and rugs In England 
the world-famed village of Saltaire, Yorkshire, was developed by 
Sir Titus Salt, following his discovery of the use of alpaca for 
ladies’ dress fabrics In the United States the alpaca, llama, and 
vicuna fibers have been extensively emplo}ed for women’s apparel 
and men’s coats by mills such as Forstmann Woolen Company, S 
Stroock & Company, Worumbo Mills, and others Owing to the 
beautiful colors of these fibers they are employed to the best ad- 
vantage in their natural colors or mixtures of the same 
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Imports and Prices 


Table 20, covering imports of the various specialty fitfers, indi- 
cates clearly the growing use of these fibers in the United States 


TABLE 20— IMPORTS INTO THE UNITED STATES 


(In thousands of pounds) 

Calendar 

Years-Av. 

Mo’tatr 


Camel Hatr 

Alpaca, etc f 

Total 

Free* 

Dutiable 

Total 

1931-35 

302 

35 

102 

137 

474 

913 

1936-40 

403 

51 

239 

290 

1,994 

2,687 

1941 

734 

124 

480 

604 

3,688 

5,026 

1942 

690 

38 

66 

104 

3,814 

4,608 

1943 

789 

3 

87 

90 

4,809 

5,688 

1944 

6,673 

6 

96 

102 

4,628 

11,403 


* Under the Tariff Act of 1930 camel's hair may be imported duty free for manufac 
ture into press doth, camel's hair belting, rugs, carpets, or any other floor covering, knit 
or felt boots, or heavy fulled lumbermen's socks 
t Includes tbe bair of the cashmere goat 

Source National Association of Wool Manufacturers, Bullehn, 1945 

During World War II the American government established the 
ceiling prices given in Table 21 for the various specialty hair fibers, 
per pound 

TABLE 21— U S CEILING PRICES OF SPECIALTY HAIRS 

(Per pound) 


Ktd Mohatr ‘ ' 

Wool Matchings Cashmere Camel Hair Alfara 

64s S2s to 40s Wool Noils Fleece Noils Dark and White 

SI 18 SO 90 to SI 25 SI 40 $3 00 to S5 00 $125 $2 50 to $3 00 SO 65 to s't 25 


Cow Hair 

Cow hair is extensively employed as a low-grade fiber for the 
manufacture of coarse carpet yarns, blankets, a nd JEd ts J It is sel- 
dom used alone, always in mixtures with wool on account of its 
short staple The world is principally supplied by Siberia In the 
United States domestic cow hair is obtained from the skin of the 
slaughtered animals by a pulling process The coat of the cow is com- 
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posed partly of hairs without medulla and partly of fine and coarse 
beard hairs strongly raedullated. The fibers occur in a variety of 
colors, including white, brown, black, red, etc. The length varies 
from less than inch up to 2 inches. The diameter of the hair 
varies in wide limits from 12 to 180 microns Commercial samples 
as used m the carpet trade show an average of 36 microns 
The mam microscopical characteristic is that the scales are so 
finely toothed and arranged that there are about twelve in 100 mi- 
crons The cortical layer is finely striated and the medulla is single- 
rowed With narrow distinctly outlined cells, filled with air. 
Because the amount of cow hair produced in the United States is 
not enough to meet the demand, large quantities have had to be im- 
ported, mainly from Canada, Japan, Germany, England, and Spam 
The average imports of cattle hair in the five-year period 1931- 
1935 amounted to : 

Pounds 

Body hair at $0 OS per pound 3,127,000 

Long tail hair at $0 14 per pound 3,190,000 


. Total 6.317,000 

Source U S Tariff Commission, Comparative Stotlstlcs, Vol V, Pt 3, IPco/ oni 


Horse Hair 


Horse hair finds little use in ordinary woolen and worsted goods^ 
The mane and the tail hair are used in manufacturing upholstery 
cloth for railroad car seats, whereas the much shorter body hair is 
mainly used as stuffing for upholstery Horse hair is also used m 
men’s suits and coats 

In microscopical structure horse hair is similar to human hair 
In cross^ section, contrary to the human hair which is mostly ellip 
tical, it is highly circular and strongly medullated The dispersio 
range is mane hair, 50 to 200 microns, and tail hair, 75 to zew 
microns 


The same conditions exist in the horse-hair market as in the cow- 
hair market United States production is not sufficient to meet tne 
demand, therefore large quantities have to be imported, maimy 
from China, Argentina, Russia, and Canada, The average import^ 
of horse hair in the five-year period 1931-1935 amounted to* 

Pounds 

Tail and mane hair at $047 1,217,000 

Raw horse hair at $0 12 1,593,000 


Source 


U 


Total 

S Tariff Commission, Comparative Statistics, Vo! 


2.810.W . 

V, Pt 3, Wool and 
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Mu‘;k o\ wool IS at present not a commercial fiber A small 
‘miount of V.00I, approximately 50 pounds, is produced by animals 
wliicli arc at present being domesticated in Alaska under the super- 
vision of the Biological 
Survey of the Depart- 
ment of Agriculture. 

'1 his hair is cut and apun 
and the yarn used for 
producing shawls, gl.^wc*, 
and socks by the pupils 
of Fairbanks College It 
IS the hope that these 
rare animals may be suc- 
cessfully domesticated 
and their number in- 
creased to utilize part of 
the vast food reservation 
of Alaska, which is now i 
largcl) wasted, and to ! 
afford a staple source of ^ ^ 

meat as well as valuable f Four year old musk ox huU Courtesy 

robes This hair may Biological Survey. Alaska 

some day become one of 

the most important specialty hair fibers Thg musk ox looks some- 
what like the small sized bison It is similar to both the sheep 
and the buffalo, probably resembling most closely the American 
bison There are four known species of the animal The animal 
which IS at present being domesticated is the white-faced musk ox 
{Ovibos moschatus ivardt) Its mam characteristic is white spaces 
between horns and the face, the general color is dark gray The 
coat of the animal consists of an outer covering of coarse brown 
01 black beard hairs which are very long and conceal the upper 
half of the legs Next to the skin is a growth of veiy fine light gray 
wool It IS the fineness of this down which makes Werner von 
Bergen believe that this animal will some day become an impor- 
tant producer of valuable textile fiber Musk-ox wool hair is com- 
parable to cashmere wool 


mm 
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Angora and Other Sabbit Fibers 


Recent years have seen the Introduction in woolen and worsted 
manufacture of several fur fibers to produce novelty effects of a 
different nature than were known heretofore. Into this group comes 
the hair of the angora rabbit, the hair of the various spedes of fte 
common rabbit, muskrat hairs, and beaver hair Of ffiese, the hrir 
of the Angora rabbit is the fur fiber that has been longest used in 
the t^ile industr}-. 


Angora rabbJ hair. The wool of the Angora rabbit has been 
spun by French country women for more than a hundred }cajs 
Todaj there are m France some half dozen small factories spin- 
ning Angora wool yam. The animal is raised mostly by peasant 
women living in provincial towns, and onl}’ a few breeding farms 
spec.ali2iag in Angora rabbit exist The production of the two 
mam countnes m 1929 was. France, 130,000 poimds; England. 
16,000 poimds To some extent the Netherlands and JBelgium have 
also had a part m Aneora-rabbit-hair production. 

The importation of Angora rabbit wool from France at S5 CK) and 
more per pound has stimulated the domestic breeding of tins 
The total amount grou-n in the United States in 19-1^7 was estimated to 
be aroimd 120,000 pounds The United States Department of Agncm* 
ture gives the following adnce to breeders . 

The Angora rabbit is too small for practical 'use in meat produc- 
tion (its weight at maturity is only 6 poimds), and its skin has 
little t'alue in the fur trade, but as it produces a wool that is an 
article of commerce. Angora raising, if conducted carefufly 
conservatively, has a proper place in agricultural production^ 1 
is not a get-rich-quick enterprise; fortunes such as Siose promised 
by some promoters ^’^il not be realized from it In Colorado, Ae 
for Angora raising in the United States, an assoaafaon formed by m 
breeders for the marketing of the hair has set up standards lor su 
grades, as given iji Table 22. 


Breeding. Properly attended, an Angora rabbit -will jddd 10 to 1^ 
ounces of hair per 3-ear. The wool, w-hich grows in a year to a leng® 
of 5 to 6 inches, or in three months to a Ieng& of 2jl to 
is usually clipped four times a 5-ear. The weight of each dipp^i© 
varies from 2 to 3 ounces. The greatest quanti^- of w-ool is p^ 
duced in winter. At ffiis season % inch should be left unclipP® 
to protect the rabbit against cold. 


Specialty Haip Fibers ^ 

TABLE 22— COLORADO GRADES OF AXGORA RABBIT FUR 


Length 

Grade Appearance {inches) 


1 WTiite , free of mats, stains, foreign matter 2 }^ — 3 

2 White, free of mats, stains, foreign matter — 2 

3 White , free oi mats, stains, foreign matter I — IJ^ 

Shorts White , free of mats stains, toreign matter — % 

4 White , clean mats, large or small ranons 

5 Soiled and stamea ranous 


Microscopical characteristics The hair consists of two kinds, a 
very fine vrool hair and the coarse beard hair, or guard hair, as it 
is called in the fur trade The mam characteristic of both types is 
the presence of a discontinued medulla in all hairs The medulla 
IS formed by rectangular cells arranged in a manner of a string 
of pearls. 



Top. Longitudinal (X240) Bottom- Cross sect'cn (X£Q0) 
Fig 26 .Angora rabbit hairs 


1. Wool hair. The wool hair shows only one row of medulla cells 
The medulla is not present in the tip of the fibers and also not in 
the root part of the fiber. The epidermal scales arc \ erj close to- 
gether and in many instances the forv.ard edges terminate in a snarp 
point 

As a v/hole the average fineness of the down hair is nearly equal 
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for all the grades. It vanes from 12 to 14 microns with a dispersion 
range from 7 up to 30 microns. 

2 Guard hair. The beard hair contains fiom two to eight rows 
of medulla cells, depending on the widtii of the hair, each varying 
from 30 up^ to 120 microns The cross section (Fig. 26) of die 
rabbit hair is very characteristic and offers the oest method for 
identification of the fibers 

M^ufacture Because of its high cost and fluflty nature Angora 
rabbit hair is used mostly in conjunction with other fibers, like 
wool, spun silk, and, more recently, spun rayon and cotton. The 
percentages may vary in combination with wool from as low as 
X ^ 70 per cent for knitting yams Years ago, the stiff 

white hairs were merely used to give frosted effects on the surface 
of the fabrics, which can be done with S to 10 per cent of rabbit 
hairs In using higher percentages, one of the biggest difficulties 
which confronts the millman is to prevent flying and the effect of 
static electricity, in order to make carding and spinning possible 
This^ can be accomplished either by pretreatment of the fibers with 
special oils or by careful lubncation during the blending process 
During the blending in the picker, all openings must be closed to 
eliminate losses In carding the licker-in and the dofifer should be 
set close The yam can be spun on both woolen and worsted 
systems 

Effect yam with rabbit hair is principally used as filling Twenty 
per cent to 25 per cent rabbit hair m the filing of a fabric wall gwe 
it a very soft hand In dyeing the rabbit-hair mixture produces a 
two-tone effect, the rabbit hair dyeing lighter, because of the medulla 
present in the fibers and the high fineness 

Common Rabbit Hairs 

Because of their high price. Angora rabbit fibers are not used in 
other than luxury fabncs As a suhsbtute, the much less expensive natr 
and fur by-products of the fur and hat industries, are used m 
majority of so called rabbit hair febncs Of these industnes, tlie f^ cut- 
ting industry, whose center in the United States is in Danbury, Conn . 
has become the most important supplier of rabbit hair. It is esbmatea 
that the total amount of fur cut m 1945 was 6,200,000 pounds and i 
1946 was 7,000,000 pounds Although the bulk of this was consunje 
by the hat making industry, the textile industry, particularly 
industry, used approximately 425,000 pounds in 1945-'and 5wr 
pounds in 1946. 
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The type of rabbit hair most desired by the textile industry comes 
Ironi the white, French type of rabbit It is obtained from France and 
other European countries as well as from North America, China and 
Japan The general trade term for this fur is "Coney" hair 
In addition to this coney hair, there are various fibers obtained from 
liares, mostly supplied by central and eastern Europe and South Amer- 
ica One of the best types of fur is obtained from the Russian hares 
known as zayats These pelts come chiefly from the regions of the Ob 
and Enisei Rivers in Siberia The cheaper grades of rabbit hair are 
obtained from gray, wild rabbits from Australia, New Zealand and 
Great Britain 


Fur Cutting Operations 

The pelts used in the fur cutting industry are graded according to the 
size of the skin and the richness of the underfur The grades for Eng- 
lish rabbits are best -itnlds, half wilds, first, second, third racks, suckers 
and mites 

Th6 raw pelts in bales are preserved superficially by camphor or 
■ refrigeration 'When theyare received by the fur cutting industry, they 
are hard, dry and tough and must undergo certain preparatory pro- 
cesses as follows 

(a) Opening To make the pelts suitable for further handling, they 
are worked with water-dampened sawdust for 10 to 15 minutes m 
closed, rotating drums after which they are transferred to an open, 
caged drum for the removal of the sawdust The pelts are then given 
to workersj called openers, who sht them, and cut off the ears, paws 
and tails 

The opened and trimmed pelts are again placed in closed drums with 
sawdust, Fuller’s earth and other cleansing materials whose function is 
to lemove grease and dirt which clings to the fur, thereafter they are 
again transferred to the open, caged drums for the removal of the 
c’eansing agents and foreign matter 

(b) Stretching Some pelts, especially English rabbit skins, whicli 
have a thick hide, have a tendency to wrinkle during drumming, the 
previously outlined cleaning process Such skins are put through a 
stretcher, a machine which flattens the skins between two rollers 

(c) Plucking andf'or Clipping The pelts treated as described above 
ai e now ready for the removal of the guard hair, which is undesirable 
because of its lack of felting ability This hair is pulled from the skin 
by a machine called a plucker Much good underfur is also lost in this 
process along with the plucking, the name given to the guard hair pulled 
from the skin Then too, it is a highly time consuming operation. For 


266 


American Wool Handbook 


this reason only pelts whose fur is to be used for high quality hats are 
plucked Even after plucking, too much guard hair remains and it is 
necessary to remove a further portion of it by clipping, the process of 
shearing off the tips to reduce the fiber to the desired length. The skins 
are clipped high, medium or low, depending upon the quality desired 
X Except for the highest quality fur, the skins usually undergo only the 
’’dipping process, which removes sufficient guard hair for most purposes 
The lowest grades of skins, which contain too large a proportion of 
guard hair, are neither plucked nor clipped and the resulting low quality 
fur is designated as unpulled 

The next operation for fur intended for hat manufacture is cat i ohng 
This process consists of application to the fur on the skin of a chemical 
solution which is a mixture of strong acids such as nitric and sulfuric 
as a hydrolyzer, combined with hydrogen peroxide or potassium per- 
mangante as an oxidizing agent The purpose of this treatment is to 
enhance the felting properties of the for This carroting process is not 
used on fibers supplied to the textile mdustiy 

Cutting 

The unpulled or clipped pelts are then ready for the cutting process 
The cutting machine by which the fur is separated from the skin 
consists of a stationary bed knife and a revolving cylinder having 
four long knives fitted at an angle to the longitudinal axis, much 
like a lawn mower Feed rollers bring the skins between the bed knife 
and cylinder knives cutting the hide into small shreds and dropping tliem 
to the rear of the machine The fur falls in the form of a fleece onto a 
moving, endless apron wdnch transports it along the fleecing table 
where workers, called fleecers, pick out by hand both machine pieces 
(pieces of skin, mostly with fur, whidi passes through) and greasy fur 
(lumps of fibers held together by grease or dirt ) 

Blending 

The cut fleeces are collected in boxes or baskets to be transported 
to the mixer for blending the fibers from the various skins The 
machines are similar to the wool mixer, consisting of large, rotating 
cylinders with steel teeth, known as separators because, in addition to 
the mixing, skin pieces and lumps of fibers still stniimg together are 
separated from the fur itself 

From the separator the fur is transported to a mixing picker, a 
machine similar to tlie separator but rotating at a higher speed From 
the delivery end the stock, instead of being dropp^ to the floor, is 
blown into a receiving bin, wherein the fur fibers are suspended m the 
air for a considerable time, resulting m more thorough mixing The 
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mixture is then ready for the blowing process which has as its object 
a further elimination of undesirable guard hairs as well as dirt particles 
still present in the blend. 

The blowing machine consists of from three to eight sections each of 
which is an enclosed cabinet connected with adj'acent ones by feed 
rollers In addition to the pair of feed rollers, each section is provided 
with a finc-wire-mcsh drum and a picker, which is a roller with 
thousands of fine steel teeth The picker combs the fur and throws 
it onto the revolving drum , the speed of rotation throws the fur up, and 
the desirable, specifically lighter underfur travels to the next section 
while the dirt and the specifically heavier guard hairs drop to the 
bottom. The fur travels in this manner from section to section, being 
cleansed and dehaircd in the process According to the quality of fur 
desired, i e , lower or higher amounts of guard hair, the blowing may 
be repeated several times The blown fur is then packed in paper bags 
m quantities of five pounds and supplied, to the textile manufacturer 
in cases comprised of 300 pounds of fur in sixty paper bags containing 

five pounds each . , , ^ . 

The cheapest quality fur is boiled fur This fur is obtained from 
the tails, ears, snouts and paws of the raw skins by boiling them in 
3 per cent sulfuric acid solution Pieces of dressed skins obtained from 
the fur factories as waste are handled similarly This fur is wash^ and 
dried, then blown Boiled fur can be recognized microscopically by the 
presence of cracked and shattered fibers Also due to the presence of 
strong acid, the pH is generally quite low (2-3). . . .. u 

The ave^ fineness of coney hair and other common rabbit hair 
IS from 13 to IS microns The length is usually less than ^ of an inch 
and the presence of guard hairs varies according to the blend 


It/Iuskrat and Other Fur Fibers 

Other types of furs occasionally used by the textile industry aie 
muskrS, &r nutria, fox, wolf, mink skunk ^ 
World War II the use of muskrat fur in woolens was .ntroduced bj a 

the^Sj:?^‘;?S’rlS ”a^’’S^dirp^ce ot innshra. gnard 
hair climbed from a few cents to $7 00 per poun 

Price The cost of preparing fur fibers is usually absorbed entwely 

m cosi Te prSuchon of wh.ch the fibers are a by-product. 
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The market pnce depends on the available suppl> at the time of tlie 
demand The exceptions are Angora rabbit hair and the fibers obtained 
from Russian hare, ^Yhlch are processed for textile purposes onl)’ The 
prices, therefore, I'ary over a ivide range In spring 1947, the follovnrg 
prices were quoted in tlie New York market 

TABLE 23— PRICES OF RABBIT HAIRS PER POUND 

French Angora - - _ . $9 00 

\STute Russian . ~ 750 


White Domestic Fur^ „ 5 50 

Arcbc Hare Fur 400 

Cheap Gre 3 ' Rabbit Hair „ 2 50 

Plain White Spike Rabbit. - 1 50 

Graj Fur Rabbit .. 140 


The chief market in the United States for the trading of pieces and 
some of the cut furs is New York The cut and blo\\'n fur is obtained 
from cutting plants in Danbury, Betlid and South Norwalk, Conn 
Other plants are located in Philadelphia, Penna , and Newark as well as 
Paterson, N. J 


FeaUiers 

One of &e most peculiar effects of recent origin is produced by 
an admixture of feathers with wool. All kinds of down from genu- 
ine ostrich to goose and dude feathers are used The biggest supply 
is found in goose down, generally used in ttie stuffing of pillo'ns 
Even the quills are now being used by cutting up the down. The 
normal percentage in mbdng is about 20 per cent, which produces 
a handle ffiat cannot be otherwise obtained The feathers used are 
very' short — ^never longer than five-dghths of an inch — ^and they bave 
been found to blend very well with a carded woolen y'am The 
feattiers stand on the surface of the y'am mthout being too loose 
and -when woven into the doffi they still remain on the surface. 
For piece dy^e effects the mixtures may be spun in all white. For 
more exdusive fabrics, colored wool mth TOrious percentages or 
white down may be used. A two-tone effect is produced by piece 
dy'eing because the feathers dy’e lighter than wool. . 

A novd feature of such cloths is that the slightest movement ot 
the doth in a current of air causes a faint ripple of the protruding 
dowi The softness of the down content is enhanced by the use 
of a fine-quality wool 



Chapter 6 

RECLAIMED WOOL AND SECONDARY RAW 

MATERIALS 


T here are two primary reasons why manufacturers of wool 
fabrics and other wool clothing’ products find it necessary to 
utilize re-used or re-worked wools, ■vegetable and other substitute 
fibers in making wool materials Primarily, the world's wool supply 
IS insufficient to meet all industrial and clothing requirements for wool 
and secondarily, the use of all virgin wool would make the materials 
prohibitively expensive By far the largest percentage of wool clothing 
needs falls in the inexpensive price class and to produce these materials 
fibers other than new wool must be used 
,oi>.lme ii.. are combined with wool to J: ;>ye«»aN4dltjo^al jj^n^ 
produce^p en pr^fe ctfi Rayon, particularly in thej prrru)f stapleji^, 

1 apid l v-is becoming o ne of%e.ifti^ im]^tamt_srco^ag;; 3 W^aterjals 
i n the woolen industfjT^hileJUsjJiJenJescri^dja^an^^ 
rpaterial. actuaIIvinsXdiluent43o:heapej2ing_dement 
laBirfelylhSws the shift in importance of the various additive 

TABLE 1 RAW MATERIALS CONSUMED BY THE WOOLEN 
AND WORSTED INDUSTRIES IN 1929, 1939, 1945 AND 1946 


(Million pounds) 

Raw Matenal 1929 1939 1945 19g 

Shorn and pulled wools 354 296 5 ^ 

Recovered fibers 93 Hf 161* 168 

Cotton and cotton waste 20 lo ^ 

Rayon staple and waste ^4^ 16 36 g 

Mohair and mohair waste 24 21 13 20 

Other specialty hairs and their waste 10 / 

Silk • 2 , "7 c 

Other fibers — ^ 

Totals ~sii 503 809 850 

~~*llicluded m the 1929 noil fieure is the mill waste In 1/39^^945 and 1946, the mill 
waste IS included with the recovered fibers Seiircf Bureau of Census 
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raw materials used m the woolen and worsted industries in the United 
States from 1929 through 1946 


MANUFACTURING WASTES 


JOsHToinmonjitactice^ioiijajnMufacturejJo-j-'eusj^^^^reat^^^ 
e xtent^ s.p^sible, thg_unaaoidablejvaste..occurrin g during ’&e vario us 
^ocesses Most of this waste is in such a form that it caiTBe re-einbodied 
intne regular lots Such nianufactunng wastes are generally grouped 
into four classes . 


1 Noils 3 Hard wastes. 

2 Soft wastes 4. Finishing wastes 

Not^These are the short fibers separated from the long wool in the 
combing process Because the treatment th ey have receded is not detri* 
mentaHn.any^^way,_thej^fgjequSln1^Sity'to^Ti5m 
thei£-J.ength They constitute one^ ol tlie^ main raw matenals in 
production of woolen goods and are handled as a regfular commodity 
by wool dealers Noils and the wool from which they were combed 
are classed under the same quality number. For example, a 60’s wool 
produces both 60’s top and a 60’s noil Actually, jnnils were found 
inicroscpfHcjn e a^reme ntsjto be^n ormally one to two gi iideFl Iiner'^ia il- 
the JKSfil-fromiwIucir they.. were j:o mbe^ l[ikcausVthe..d 3ior^bers in a 
^^^.^gUg htly finer. This fineness relationship in carded wool, wool 
top and noil was studied by the Agncultural Marketing Administration, 
in cooperation with mne industrial laboratories Their results, compris- 
ing more than 90,000 measurements made according to A S.TM 
standard procedures are given m Table 2 


TABLE 2 AVERAGE FINENESS OF TOP, SLIVER, AND NOIL 
COMPARED WITH WOOL TOP STANDARD 
FINENESS RANGES 


Grade 

Ftnenejs Ranpe 
IFool Top 
Standards 
Microns 

70s 

196to210 

64s 

21 1 to 22 5 

62s 

226to240 

60s 

241 to 255 

58s 

25 6 to 27 0 

56s 

27.1 to 290 

SOs 

29lto31 5 


^ERAGE FINENESS OF TEST LOTS 
„ Top CardShver 

Mteront Grade Mterotis Grade Mterone Grad* 


213 

64s 

208 

70s 

196 

70s 

240 

• ••• 

62s 

235 

ds 

••••« 

214 

64s 

260 

585 

251 

60s 

228 

62s 

275 

56s 

269 

58s 

243 

60s 

304 

SOs 

294 

SOs 

260 

58s 
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For marketing purposes, six classes of noils are produced ( 1 ) Brad- 
(2) French, (3) prepared, (4) hair, (5) colored, (6) carbonized 
Bradford or English noils are obtained from the Noble or Holden 
TOmb French noils are derived from the rectilinear or French comb 
Both types are combed from fine and medium wools Bradford'-noils 
the i^ig ^^luab le becaus e ofj^ gr;eater„length.and_lower vege- 
®2153n^^^pntent iTienne quality noils have a high nep content, 
Husters of knotted and entangled fibers produced partially in the 
scouring process, but mainly during carding Ip buying noils s tress is 
®JJ^4Uflk-gjadeJength,,sj:i:ength,,yegete^^ 

ine market value depends on the demand and at times exceeds the 
price of the original wool In grades they range from 80s down to 50s 
quality 

Prepared noils consist of coarse cross-bred and long wool fibers 
whose qualities range from 36s to 50s They are free from neps since 
they have not been carded, but the short fibers are in batches or slubs 

Hair noils are dei ived from combing mohair, camel haii , alpaca and 
cashmere Camel hair and cashmere noils aie by far more valuable 
than the top because they contain the fine down 

Colored noils When top is dyed m the form of slubbings or m pack- 
ages, re-combing is often necessary to put the slivers back m suitable 
form by separating and straightening out the partly entangled and 
felted fibers This re-combmg operation produces tlie colored noils, 
which are much shorter than the white noils but nearly free of neps 

Carbonized noils. Since the comb not only removes the short from 
the long fiber, but also extracts vegetable matter such as burrs and 
straw, the resulting product is a mixture of both To improve the value 
of the noils, they are in many instances subjected to a carbonizing proc- 
ess (see Chapter 9) which destroys the vegetable matter. In addition 
to the vegetable matter, noils contain tar or other insoluble materials 
used in sheep branding. The removal of this branding substance is ac- 
complished by a depitching process. D,epitched^and carbonized noils 
ye parti cul arly yaluablejn^the . manutactu're of white woolen flannels 
^^aOmiilarJSbrics 

Soft waste is a product of woolen and worsted carding, combing and 
drawing and is classified a s card waste , toiubjligj&ja^ic. 

?tDdJa/ii,^^oft w’astc from worsted drawing and spinning). The mam 
characteristic is tliat the material is still in a fibrous condition and. there- 
fore, m most instances these wastes arc blended with virgin w&ak 
before carding. Card-stripping, combing wastes fl\ and floor wastes 
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must undergo dusting and opening treatments. Straight colors and 
mixed blends of course have to be kept separate The woolen spinner 
?S the main userj)f ^soft^waste. 

Hard waste. The waste occurring after the spinning operations con- 
^ns twist, and is no longer in a fibrous form. For these reasons it is 
known as hard waste. This kind of waste occurs in spinning, twisting, 
n^pooling, winding, warping and weaving Xo^utilize^this^wasteJn 
blends»-requires, careful sorting, followedt-by^^an .opening process In 
sorting, these wastes are classified as colored, white, 'hard twist, soft 
twist and mixtures^ of twists or related 3 ^rns After sorting, they are 
put througlLai4)iGking.and.gacpgtjt^g,pjlop,ess. The operation of picking 
serves to tear the yarns apart into shorter lengths which, during garnet- 
ting, are reduced to a fibrous condition Small pieces such as head-ends 
from the weave room are also included in the hard wastes and treated 
accordingly ^^WQ.edJo,a JbnDjis condition, .^e,<fibprs,,.of,courser=are 

consequentlyjn, value, yet they ^orm_a valuable 
l^J^^lerjal^for.the-woolen.spinner ^ - 

Sweepiftffsfrom the spinning and weaving rooms contain much usable 
material, such as short pieces of roving and yarn After screening and 
sorting, a scouring and opening process follows, if required 


^wisln^jvastes Cloth finishing produces thiee types of waste 
(a) flQA|.Jrom^cpunng..anl fulling, (b) shear flocks, (c) shortjends 
and samplejigrtes. ^ 

IHot^s resulting from piece scouring, fulling and raising are of a low 
^de because of uneven length and their mixed and soiled condition 
•^i§OK,.)iocfej..are_obtained from cropping or shearing piece goo ds and 
^®5^ll!^-r3-«^3lu3^blerraw-maferjaI^nIpreiii3TeIfiT packing of heading 
and wall papers They are more even in length and generally cleaner 
than the flocks from scouring and fulling, but may contain up to 5 
per cent lubruating oils picked up during the shearing process, j ^hey 

grade v voqle ns to give addit ional j y.^gpt 

^or^-e«dj^and.4a2H/de jivastes73QS|he£with joew tailojcjcfippmg®* 
arj^ejnam^ojjTcejojUepaicessedj^^ 

Tne large woolen mills operating both systems of spinning offer to 
waste dealers only the various wastes unsuitable for their own use 
The waste dealer takes care of the sorting, picking and garnetting, 
makes up special blends and resells them to manufacturers of cheap 
woolen goods. Wastes from mixed materials, wool and cotton, wool and 
rayon, etc , are sold by the dealer to reworkers, which in turn extract 
the wool from them 
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RECOVERED WOOLS 

These materials are produced by woolen manufacturers, who may 
be independent enterprises or a part of woolen mills Table 1 shows 
that 118 million pounds of these materials, approximately 25% of the 
total fiber consumption, were consumed in 1939 by American mills 
In 1945, according to figures of the U S Tariff Commission, the 
amount increased to 161 million pounds or 20 per cent of the total con- 
sumption of the industry Recovered wo oLis-used-almosjLenti^y for 
lower gcarlg g of woo len . goods. and p.rac ticallY.jaot_at all in worsteds 
The sources of recoveieXwools are clippings, new and old woolen 
and worsted rags, and other wastes from garment manufacture The 
rag man in any community collects the rags and disposes of them to 
local dealers, who classify them roughly according to the materials of 
which they are composed The rag merchants purcliase them from the 
dealers who re-sort them in bulk by qualities, in which condition tlie 
rags -are offered directly to the reworked wool manufacturers or to 
mills 

METHOD OF RECOVERY 


The first process which the rags undergo is sorting, during which 
the rags are separated into clippings, new rags, worn pS®* 
wool, mixture of fibers, knitted fabric, woven fabric, fulled laoric, 

unfulled fabric, and the different colors 
The bales of rags are opened and hand-fulls picked up and sprea 
on a sorting table The operation is not particularly arduous but re- 
quires a knowledge of the various kinds of materials in order that they 
may be sorted in accordance with the above classifications ror these 


reasons women are usually employed to sort rags 
After sorting, the buttons, hooks, iron, and trimmings are removed, 
as well as the seam bits, which may contain cotton rayo". or other 
vegetable fibers The latter are grouped in a class by themsehcs lor 
later removal of vegetable fibers by carbonization 

Before the actud tearing-up-process the rags may be run tlirougli a 
shaker to remove the surf^e dirt and dust, and to soften their te^pre 
With very dusty lags this dusting may be done eien before sortn^ 
The shaker consists of a feed and delnery, a traveling lattice Placed n 
front of the machine, and a large spiked drum, which lotatcs at a speed 
of 300 to 450 1 nm Alaitre fan cnincboff tliedusl , ^ « 

After these pretreatments, the rags are oiled to facilitate the pinding 
or teal mg* up process They are spread m layers and sprinkled iMtb 
approximately 10 per cent hot oil in the form of a cheap mineral oil 
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emulsion. The oiled stock is allowed to lie for at least twelve hours to 
permit penetration of the oil The oiled pile is then divided vertically 
to secure an even distribution of the sorted rags and placed on the lattice 
feed apron of the rag picker illustrated m Fig 1 



Fjp 1 Kap picker Courtcsv Daits and Furbcr Machine Co 


The feed tables carry the rags to strong, fluted rollers, which feed 
tbe material to a cylinder provided with flat or rounded teeth or spikes 
There may be 52 teeth in a row for very hard sroods and 28 teeth pc*" 
row for soft goods on a width of 36 inches The pioduction, which 
depends on the nature of the rags, may run from 500 to 750 pounds 
per ten-hour-dav for inungo in a 36-inch-cyhnder machine After the 
rags lca\e the fluted rollers, they are attacked bj' the teeth of the 
cjhnder and separatcil into smaller pieces with the result that thcv 
arc reduced to a partially fibrous condition An\ oits of rags insuf- 
ficiently tom come into contact with the blade of a special roller wh«cli 
automatically throw «= them back to the feed table to be re-entered into 
the machine. 
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Fig 2 Sectional view of rag picker 


Prior to carding the cloth must be subjected, m many instants, to a 
second process known as garnetting, to reduce it to a state sufficiently 
fibrous as not to be detrimental m the carding operation Compared 
with fleece wool the resultant material is deficient in fiber length and 
strength because of the broken, bruised and splintered fibers pre^nt 
The material in this fibrous form formerly was known as shoddy 
The above procedure is the same, in general, for all classes of 
recovered wool However, certain differences do exist between the 
main divisions 


T,he term shoddy was usedJjefore^ejiassing.of^the Products 
Labeling iCt specifiealiy 'to desigMte^the.producL which is derived 
fr om all w ool cloths ^whiSniTcTiot. been felted or which had been 
ySDoToniy.a shght-degree, i e , ^gsges, cheviots and other 'vorsted 
c^oflis and knit goods such as scarfs , jerseys, stockings and similar 
wool_groducts Today, the fibers recovered from new, a 1 wool "Oven 
or felted cloth have to be designated ^sr^ce^c±wool, whereas the 
fibers recovered from unworn knit goodsan be classified simply as 
woo/. When the fibers are recovered from w'ool products which had 
been used in any way by the consumer, the fibers must be designated 
Reused wool 
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Recovered fiberB^oLthe .first type-consist.of wool fibers -which_are 
one4ialf-mch orlonger. The best quality of reworked wool is such that 
It can be spun without blending into woolen yarns although, as a rule, 
It is mixed with fleece wools and other fibers The resulting grade of 
woolen yarns is used to produce a large variety of cheap woolen goods, 
such as boys clothing, ski suits, coatings and overcoatings The skill and 
experience of a woolen manufacturer determines how closely he can 
imitate a better quality fabric made of new fleece wool though using 
various reworked fibers. 

M«»i<?oas.-theJ:erm formerly applied to fibers from old and new rags 
which have been fulled considerably or are of a very firm structure such 
as uniform kerseys, velours and meltons It consists of very short 
fibers, less thaiij 3 ng,-Jialf in ch. in Ipngtli In reducing this heavy material 
to a fibrou^ condition 'a” considerable amount of force is necessary 
and consequently strong pickers and auxiliary machinery are em- 
ployed This process d5ma^ th^ fibers and the ,spinnmg]An4»f®^hng 
-ftrcSP£rties.,arej[r^atly jreduced.^ These fibers are used mainly m cheap 
woolen blends and are extensively employed for stuffing threads and 
backing of double cloths 

Extract wool is obtained from woolen oi woisted fabrics partially 
made of cotton, rayon or other vegetable fiber mixtures To secure the 
valuable wool content of such fabrics, the vegetable fibers are destroyed 
by a carbonizing process. The different types of cloth are treated 
separately to obtain the best results. Two methods of carbonizing are 
practiced . 

1 The sulfuric aad method 

2 The hydrochlonc acid method. 

The prmaple of the process and machinery for the sulfuric acid 
method are practically identical with those described in Chapter y 
The method consists of immersing the rags in sulfuric acid, hydro- 
exti acting, baking, dusting and neutralizing In the hydrochloric acid 
method the rags are treated m the dry state with hydrochloric acid gas 
fumes. The apparatus for the latter process consists of a large drum 
revolving in an enclosed chamber and of heated retoit-», in which the 
acid IS generated. The liberated gas penetrates the goods or rags and 
destroys the vegetable matter by decomposition. In the latest macliinM 
as much as 500 to 700 pounds may be treated at one time. The whole 
process is automatic , the material is fed into the machine in 
on rails and the hydrochloric acid supplied in fixed quantities whM tn 
apparatus is in operation The temperature is raised to 212 to 200 de- 
grees F in the baking tube and maintained for several hourt. ih 
gas fumes escape through a chimney. Following this process the rag 
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arc taken out, cooled and shaken by a duster or a centrifuge The rags 
arc gh cn an additional hc.ating m a cage sliaker, which eliminates the 
NCgetable matter as dust Because the \apor is diy, neutralizing is un- 
necessary except in unusual cases Tjie hydrochloric acid vapor process 
has injts,fa\ or that it ib simpler, Icss'cxpensive and preserves the soft- 
ness and luster of the reco\ered \%ool fiber Some concerns in France 
and BclglunTuse am monia vapor f or ne utralizing^ purposes After the 
shaking, the material'proceeds to tlie^fag grinder, where it is shredded 
into the fibrous condition in the manner described for reworked wool 
Extraet^,wool,is obtainable in various grades It has_scarceIyL,any 
f eltmg' properties and is mainly used in blends with wool and wool 
substitutes inflow grade woolens which are not, or only slightly, fulled 


TABLE 3 O P A CEILING PRICES FOR MILL WASTE, 
CLIPPINGS AND RAGS 1942 

Worsted Wastes — ^Maximum Prices 
(Expressed m dollars per lb ) 

Grades — Fme and Blood 

80-90% Wool 

100% Wool -Balance other fibers- 

Classification White Mixed Colored White Mixed Colored 

Drawing laps 
Spinning & roving laps 
Rings 

Worsted spinning threads 
Worsted weaving threads 
Worsted soft knitting threads 
Scoured or carbonized, dusted 
neutralized, worsted card 
or strips 

Carbonized, dusted, neutral- 
ized burrs and burred 
burrs 

Doffer waste 


125 

95 

965 

725 

115 

88 

885 

67 

no 

80 

845 

60S 

92 

55 

70 

405 

84 

47 

635 

34 

97 

60 

74 

445 

90 

65 



70 

45 



32 

20 



Woolen Wastes 




Grade — Fine 





Classification 
Woolen rovings 
Woolen threads 
Woolen card waste 
Woolen strips 
Napper flocks 



70-80% Wool 

Less than 50% Wool 

— Balance other fibeis— 

— Balance other fibers — 


Mixed colored 


Mixed colored 

White & khaki 

White 

& khaki 

165 

24 

125 

075 

34 

165 

115 

045 

24 

14 

075 

035 

075 

015 

015 

015 

115 

025 

025 

015 
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TABLE 3 0 TM CniLJN'G PUICES Cant. 


Chssificaiwn 
{sorted to grades & coht ) 
Mixed stnlmps 
White and worsted woolais 
Suitings 75^5> worsteds 23';.f 
Suitings lOOlf) woolens 
Shctlnnds & Tweeds 
(Free of Nubs) 

Pastel 
Na\> blue 
Mixed tweeds 


w'jkjIciis 


-Free 

nf Cotton Weeps — 
80-90% Wool 
ftatanee other 

Less 

than 507y 
Woo! 

100% Woof fibers Cotton U’pt 

52 

37 

13 

2i) 

12 

.02 

15 

08 

02 

30 

20 

.05 

28 

185 

04 

19 

11 

.02 


Classifications 
(sorted to grades & cohi ) 
Worsted crepes 
Pastel 
Navy blue 

Woolen plaids 
Mixed light 
Bouclcs 

Tan 

Snow and ski suits 
Navy blue 
Scarlet 
Meltons 
Navy 

Blanket clips 
Pastel 

Mixed dark . . 


Women's Weir 


mth 

■^Pree of Cotton Warps— Cotton tops 
80-90<;{- Wool ^ Lest 
Tiahnee SO'/ellool 
m%WoDt other fibers Hal others 


37 

.255 

075 

24 

.15 

,03 

21 

13 

.025 

27 

255 

075 

12 

055 

015 

25 

16 

035 

10 

04 

015 

40 

28 

09 

20 

12 

02 


Sweater clips 
White . . 

Mixed dark 


Knitted Wool Clips 

100% Wool' 70-90% Wool 
80 29 

46 29 ' 


Less than 
25% Wool 
12 
06 


Graded Rags 

Mmd I'lne Flannels and Chongas 
(All solid colors free of cotton warps and silk noils) 
Solid colors .12 

Worsted Serges xaith Chongas and Flannels 
(Free of cotton warp & silk noils) 

Black 08 

White .... 36 
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TABLE 3 OP A CEILING PRICES, Cont 
Tricotincs 

(100% JVorsIcds) Free of cotton warps, tmsel & silk 
Solid colors 12 

100% Knits 
(Free of linsey) 

Pastel light jersey (all pastel colors) 33 
Fine white ^^ool underwear 26 

Half Wool Knits (to contain a minimum of S0% wool) 

White 14 

Graded to color 085 

Linsey Sweaters (to contain a minimum of 30% wool) 

Light hoods 055 

Sorted solid colors 045 

Maximum Prices for Old Wool Rags, Mixed Stock 
Rough light overcoats 03 

Rough dark overcoats 02 

Rough cheviots 025 

The relative values of the various null wastes, as well as clippings 
and rags are best illustrated by Table 3 showing O P A ceiling prices 
for 1942 which prevailed during World War II 

RECLAIMED AND VIRGIN WOOL 

Under the microscope, new or virgin wool generally exhibits a 
characterjs tic epidermis st ru cture of v axiously,^JEorjDed->scales This 
scale layer is the protective covering" for the cortical layer, which 
consists of a fibrous mass of individual cells These veiy fine, spindle - 
like cells aie responsible for the -StEeDgth--and~^asB§rt:;fcafctIl£ISeaItEy 
fiber,,^^ • 

The wool fiber usually withstands the constant bending, strain and 
pressure exerted on it by ordinary wear but, under excessive wear, the 
outer layer suffers and the whole fiber starts to break down in-a manne r 
s imilar-t eMJ iat in which a branch jQE:Lvwg-isJ3]:o^h.-aR art damage 
IS quite severe when wool fabrics are reconverted toTiber form by 
Pic king and garnettmg, but is not extensive when yarns are reduced to 
a fibril stwe In several cases, similar broken fibers were found in 
the instep and vamp of worn cloth shoes The photomicrograph of four 
fibers which were subected to repeated bending illustrates this mechani- 
cal damage (Fig 3 ) A c haracteristic .damage is -the Jie anng away_p f 
Uiieufib er*«i prnt eGtivftBCQve nng^ancrsplintering o f the fi brous cortical, 
layer^Th e three photomicrographs in Fig 4 illustrate soine‘"Of the 
'forms of torn and raveled ends winch were found in reprocessed and 
reused wools They may be present in varying d^rees, according to 
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Fig 3 
Four wool 
fibers dam- 
a g e d by 
bending and 
wear 


Fig 4 

Three dam- 
aged wool fi- 
bers found in 
shoddy fabric 



the product from which they were recovered and the type of proces 
necessary to reconvert them. The extent of the actual breakage an 
shortening of the fibers in manufacturing and reclaiming np’^ntions i 
illustrated by the comparative length curves of reclaimed fibers snoi 
in Fig 5. The average length of fibers reclaimed from an undyed virg 
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•mm 



Fig 5 


Comparative length 


of virgin against 


reclaimed wool 


Av 

Varia- 

Length 

tion 

Virgin 


wool 1 9" 

63 2% 

1 Reclaimed 


(nat) 07" 

71 4% 

\ Reclaimed 


(dyed) OS" 

808% 


wool fabnc in which new wool with an average length of 1 9 inches had 
been used was found to be 0 7 of an inch Naturally, part of this shorten- 
ing was due to tlie original manufacturing processes but it is believed 
that the greater part was brought about by the reconverting process 
The average length of the fiber reclaimed from a similar dyed fabric 
was only 05 of an inch 

T he breaking strength, resistance Jo ^brasiPii_and.,..£lastLaty^of,.re- 
\yorked_l i bers are lower t han thoseof fibers which have not been 
trough tfie^'manufactunhg or reclaiming processes Comparative 
breaking strength and abrasion tests made on virgin wool and repro- 
cessed wool fabrics of identical construction and finish gave the results 
shown in Table 4 


TABLE 4 STRENGTH AND ABRASION RESISTANCE OF VIRGIN 
AND REPROCESSED WOOL FABRICS 


Breaking strength in lbs 
(ASTM grab test) 

Warp 

Filling 

Abrasion resistance in no of rubs 
(Wyzenbeek machine) 

Cloth against cloth 
% damaged fibers 


Virgin ivool fabnc Reprocessed wool fabnc 
Original Redyed Original Redyed 


311 306 98 66 

313 29 9 9 7 7 3 


40,000 

12 


2600 2300 

117 


If large numbers of badly damaged fibers find their way into a new 
piece of fabric, the resulting product is naturally inferior to one in 
which the fibers have been processed without sustaining such damage 
One of the factors which makes it difficult, if not impossible, to 
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ascertain tlie exact amount of virgin wool and reclaimed wool in a 
finished sample is that a fabric which has been subjected to unduly 
vigorous manufacturing processes will contain a large number of dam- 
aged fibers even though it may be an original fabi ic made from the best 

fleece wool Th e chief sourc es^f mec hamcaLdgmagejLQ. manufa cturing 

ace iiiJ)ur^Di.dang> .carding. coniBr^^ gigging, an5 napping npeiatlogs» 
wl cere the rgjs dangy „of b i,eaking>.down tl'i e nFer bv , ini PCopeu»gctt^”g 
ot work ing paiS^ wr mig"quality . otc y d clothing, and e?^si 3 :fi^ising. 

The chief sources of chemical damage aie 1) excessi.yeua]kali«^J^ 
washmg and fulling 2) picjilpiiged bmlmgjmie n^^ 3) excpsiy^>^ 

stron g acid m c arbonizing and 4) exc essively ^strong chem ical&Jg* 
bleachmg In additibiTfo this, baling wfi^^n^^oiaaisVcSaditioiw lea^l 
to severe ba cteriaL damage^as discussed in Chapter 4 
Obviously, determination of the presence of reprocessed and reused 
ibers in wool fabrics, even with the most skillful microscopic methods, 
IS very difficult As a rule, the manufacturer is the .on ly authority _as 
to ■AvhetheiL or^notjeclaim^ wool^ has ~bEgH!3 ?^HjLn ja»sp£cifi&IclQm 
While It is" difficuirTo diffefentiate~between virgin wool, wool, 
reprocessed and reused wool, the wool fiber content of fabrics can 
be determined qualitatively. To arrive at a just estimate, many 
comparisons must be made with known samples Research in this 
field indicates that the most important characteristic of reclaimed 
^^ool (reprocessed or reused) which may be considered in detecting 
Its presence is the percentage of damaged fibers Results of studies 
made on fabrics containing various amounts of reprocessed wool 
compared with the same fabric constructions made of virgin wool 
are given in Table 5 Figures given are the average of at least three 
tests of 600 fibers each 


TABLE 5 DAMAGED FIBERS FOUND IN DIFFERENT FABRICS 

(m percent) 


Fabrtc 


Ongtnal Blend 

100% Virgin 
50% Virgin 
50% Reprocessed 
30% Virgin 
70% Reprocessed] 
100% Reprocessed 


Vclom 

Wool- 

dyed 


Broadcloth 

Piece- 

dyed 


Flannel 

Ptecc- 

dyed 


5^ blood 
Mtssourt 


64^sPenn 70's 
Delame Ohio 
6 mo Texas Delaine 
204 127 179 

445 415 491 


Cheviot 
Ptece- 
dyed 
blood 
Minnesota 

B/C 

S A Lamb 
154 
412 

627 


6 58 


690 


Cheviot 

Wool- 

dyed 

50% 

Domestic 
50% Auslr 
Lambs 

139 


646 
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The lumber of damaged fibeis in leused wool is higher than in re- 
processed wool. This fact is substantiated by the results of tlje analysis 
of three samples shown in Table 6 From these figures it can be seen 
that blends containing 35 per cent reused wool and blends containing 
100 per cent reprocessed wool have approximately the same number of 
damaged fibers. 

T/ie presence of fibers other than wool Today much wool is re- 
claimed from fabrics containing various amounts of cotton or, especially, 
of rayon fibers of different si/es, dull and lustrous To establish the 
percentage of difl^ercnt fibers present, a microscopic count of a fine 
cross-section is the preferred method, but a chemical analysis should 
also be made (See Fig 6) 



table 6 DAMAGED FIBERS IN VARIOUS BLENDS • 

2 ^ 

75% Wool fsjSSsldwooI 35% Reused wool 

fiber , f 1 * 

v • . ... J.. ^iiaracteristic of reclaimed wool, smee 

m color of the fibers is cb j ^5 Though many of these 
the fabric sources cover a wide sSperfiaal and th^ original 

hhers redyed, the dye n m fine cross-section^ 

of the individual fibers can be seen m nn 


2S4 


A;iericax Wool Handbook 


It IS an interesting fact that of all Go^ eminent fabrics, the 32-ounce 
overcoating of tiie United States Amiy is riie only fabric in "wHch the 
use of reprocessed and reused wool is allowed The specifications for 
this fab-ic state that tiie blends from which tlie >'arn is spun shall_^con- 
tam not less than 55 percent sheep’s w ool, and not more than 35 per 
cent noils and/or reprocessed and/or reused wool Broken sliver from 
cards and mules made from tlie mixture of this fabric not exceeding 
lO^c, may be added to the blend. 

Except as provided above, the use of noils, card fly, card stoppings, 
reused wool reprocessed wool, fiber obtained from sweater clips, gar- 
netted hard ends and similar waste is not acceptable Govemmeht 
spcaScations allow a maximum residue of 2.5 per cent aftei caustic 
soda boihng 

Chapter 1 under Labeling of Wool Products, gives the history oi 
tne approval of the Wool Products Labeling Act, in October, 1940 
(See page 57.) This Act governs tlie labehng of the various mill 
w astes, dippings and rags in tlie United States, induding all materials 
or a similar nature imported mto this country*. 


silk: 

Silk is tlie general term apphed to the continuous protein filament 
secreted by various insects to form their cocoons. It commonly 
to the fiber from the cocoon produced by tlie larvae (tlie mulberry silk 
worm) of a botnbyad moth (Bombyx mon). 

In spinning the cocoon the worm secretes a vdscous fluid, tiie fibroin, 
from tw'o tube-hke glands in its body. The two tubes fuse in a common 
exit in the head of the worm, into which a secretion, the serfcin or 
silk gum flows from tw o otlier glands and cements tiie two fibroin fila- 
ments together. When it emerges from the spinneret in tiie head of the 
wonn, the double fiber coagulates on contact with tiie air. 

After tlie worm has fimslied gunning the cocoon and the larra 1^ 
dianged into tlie pupa or dirvsalis, it is exposed to steam to kill pc 
animal before its metamorphosis mto the moth which would, by eating 
tlirough the cocoon, break the filaments Unpierced cocoons }'idd from 
400 to 700 y&rds oi usable silk, which is unwound from the cocoons m 
silk-reding establishments 

In redmg cocoon filaments, four or more are doubled togeth^ p 
form the number of raw silk desired The silk number is espressM m 
denier The two main raw silk numbers "produced in Japan are 
denier and 20/22 denier. In 1939 the 13/15 denier raw silk amounted 
to 61 per cent and tiie 20/22 demer to 36 per cent of the total produc- 
tion. 
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Most of the raw silk icccivcd in the American market is leieeled into 
a slandai d skein 58 to 59 Indies m cn cumfcrcncc, weighing 2 4 ounces 
About 30 of llicsc skeins arc formed into bundles called books weighing 
about 4 5 pounds A bale, ^\ hich is the unit sire package for shipment, 
consists of about 30 books The a\ciage weight of the Japanese bale is 
135 pounds, whereas the Cantonese bales weigh around 100 pounds 

The chief silk-producing countiics aie Japan, China, Italy and 
France. Before the last war Japan produced approximately 80 per cent 
of the world’s output, China 10 percent and the remaining 10 per cent 
uas produced by Italy and other countries, including France, Spam, 
North Africa, Turkey and India 

'1 he raw silk as leceivcd fiom the primary market is converted by a 
throwster into various silk yarns such as tram, organzine, georgette, 
sewing silk and embroidery silk required m the weaving or knitting 
of various t) pes of fabrics 

Miaoscopic siruclure When raw silk is examined microscopically, 
the fibers appear m bundles of eight, ten or more filaments, since four 
or more double filaments are reeled together. The individual strands 
composing the fiber are easily recognized, as the two filaments from 
eacli worm are normally joined together and enveloped by the silk glue 

When raw silk is boiled in a soap solution, the gum or sericin, amount- 
ing to 18-23 per cent of the total fiber weight, is removed and the dual 
nature of the filaments is disclosed The degummed silk fiber is a 
smooth, structureless, translucent filament with occasional constric- 
tions as well as swellings or lumps A concentrated acid^such as sulfuric, 
separates the fiber longitudinally into very fine filaments before it 
dissolves 

Fineness The width variations of individual filaments, as measured 
on commercial samples, are shown in Table 7 


TABLE 7 SILK FIBER WIDTH MEASUREMENTS 


Origin 
Canton 
China Train 
Japanese Organzine 
Tussah (China) 


of Fibers 

Average 

Microns 

Pel Cent 
Vat lation 

Dispers 

200 

1080 

19 S 

5-18 

200 

1175 

24 0 

3-21 

300 

12 75 

282 

3-23 

300 

28 48 

27 G 

9-Sl 


The chaiacteiistic cross-sectional shape of silk fibers offers the best 
method for their pioper identification The silk fiber cross-sections are 
elliptical or triangular in shape, with rounded corners In raw silks tlie 
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two joined filaments normally face cadi other with the flat skIcj* of the 
triangles in oppo'^Uion I'lg 7 illustrates four fiber bundles of eight 
filaments each m croS'>-«eclion 

Spun sflL Raw materials for 
the making of spun silk yams 
arc the various types of waste 
silk. In silk manufacturing there 
are two major tipes of waste. 

(a) . Clum waste, produced at 
the primary source in rearing 
the silkv\orms or reeling the 
raw silk thread 

(b) . Ihrowster’s waste, pro- 
duced during the winding, tivist- 
mg, w'arping ,ind rpTillmg pro- 
cesses used in converting the 
raw ’Jilk thread into yarns for 

ng 7 Cross section of raw silk (X SOO), weaving and knitting 

Tilt various raw wastes aie first subjected to an ojicning process and 
then processed in much the same way ,is wool in the worsted system 
They are degumined (washed), combed, drawn and spun During 
the latter operation, wastes are produced similar to the silk noils from 
combing. 

Tlie combed fibers are usually classified m four, grades, 

1st Quality', 3 to 10 in fiber length, average 6 5 in 
2nd Quality, 2 5 to 6 m. fiber length, average 4.S in 
3rd Quality, 2 to 6 in fiber length, average 3.5 in 
4th Quality, Noils . the short fibers resulting from 
the dressing operation They are spun into coarse 
yarns on special machines and the yarn so ob- 
tained is used principally in weaving yearns and 
for electrical insulation 

Silk noils are also used to a large extent in wool mixtures. The 
woolen and w'orsted trade uses more spun silk than any other type ol 
silk yam Spun silk yarns arc used extensively to produce pin stripes 
m fine worsted mens-wear and to create novelty effects and patterns m 
ladies dress goods Some of the finest and most expensive cashmere 
duvetyns and velvets have a w arp of spun silk and a filling of cashmere 
noils 

The numbenng system for the spun silk yarns is based on 840 yards 
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per pound One of the most suitable yarn numbers for mens-wear pin 
stripes is tlie 54’s, which is generally used as a 2-pIy yam of two 108 
single yarns 

Silk noils and other wastes fiom the spun silk operations are utilized 
in woolen blends to add strength and luster to various fabrics Of the 
regular silk yarns, organzines are occasionally twisted with very fine 
single worsted warp yarns to give additional strength for the weaving 
processes 


Tiissah silk In addition to cultivated silk, there are a number of wild 
silks, of which Tussah is the most important Tussah and other wild 
silks are the products of the larvae of wild moths The cocoons are much 
larger, but less regular than those of the bombyx mon Reeling is ex- 
tremely difficult and seldom attempted The fibers are much thicker and 
less uniform m diameter than true silk and frequently show a twisted 
appearance They also have a large number of longitudind striations. 
Because of their greater thickness they possess great stren^ Tussah 
silk IS of interest to the »ool man because o! its peraliar luste It is 
used occasionally in small percentages to obtain a glittering effect in 
velours, duvetyns and suedes 


COTTON 

r«P 4 . . . r fldiunct to the woolen manufacturer 

hntli constitutes an impo .l ^rn st4e It is interesting to not e 
tliai- i^^^^^^^w^eras wellas ^-nufecturing has-inereasecLjcather 

“StTisTsSlber from a 

^ssypium It IS grown principally of cotton are Sea Island, 

AmpI? "^TunlSd and short staple Upland, in the 

American Egyptian, long staple yP . -.vhich range from 25 inches to 
dwcending order of their staple ’ jj,to consideration in grading 
/8 of an inch The principal ^ nliabihty, color and cleanliness 
cotton are length, fineness, ’ ^ent of Agriculture has estab- 

As With wool, the United Statw D p grades, si\* quarter, 

^«hed definite cotton grades There are se^e 
half and six three quarter grades 

cope the cotton fiber appears 
^ ^hsical Properties Undw the nucro considerably 

flattened-tube Jhe nui^ cultnatcd than in unculti- 
kiii3::S£cotton/ and is greater 
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mw- 

^mi 


vated cotton. The cross 
section of the fiber 
shows a thin wall and a 
large central canal or 
lumen. (Fig 8) Cer- 
tain fibers have no lu- 
men and are white and 
stiff These are the un- 
ripe or immature fibers. 

Fineness As in other 
textile fibers, the fine- 
ness of cotton varies 
between the many spe- 
cies as well as within 
similar species gro\w 
in different parts of me 
world The average widths may range from 10 to 40 microns Width 
measurements made on samples from the U. S Department of 
Agriculture are shown in Table 8 

TABLE 8 WIDTH MEASUREMENTS OF COTTON FIBERS 

Average Coefficteni Dupersion 



k'M 

Fig 8 Longitudinal and cross section of cotton 
(X500) Reumuth 


Types 
Sakellandes 
American, Egyptian 
Fine American, Upland 
Coarse American, Upland 
Indian 


Width of Variation 


of Fibers Microns 

percent 

200 

164 

187 

300 

162 

209 

200 

171 

224 

200 

192 

212 

400 

212 

188 


Range 

Microns 

8-26 

6-26 

8-27 

8-30 

10-33 


In comparison with wool, most cottonJiypes are fine rJhan^ S O s 
The nbbon-bke form of the cotton fiber is best seen from tne^oss 
measurements given in Table 9, which shows the maximum and 
mum diameters as well as the ratio between the major and minor dia- 
meters. (The major-minor ratio represents the average of a series o 
quotients, and not the quotient of the maximum-minimum average ) 

TABLE 9 CROSS SECTION MEASUREMENTS OF 
COTTON FIBERS , 

Dmneters in microns 
Maxtmim Minimum Major/Mmor 

620 3 07 

7 83 277 

9^ 290 

14 57 207 


Types 
Very fine . 

Fine American Upland 
Coarse American Upland 
Very coarse Asiatic 


1673 

2002 

2497 

2726 
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Colton is used \\ ith \\ ool in fabrics to lower costs as well as to impai t 
some of the desirable properties of cotton , siicli as biph stren^. t o the 
w ool px oduct Tins is generally accomplished by one of three distinct 
"ictliods : 

(a) By mixing the fibers in the raw stock for woolen yarns 

(b) B} blending with top to produce mixed worsted yams 

(c) By using in yarn form, either pure or plied together with 
worsted and woolen jams, as warp or filling in weaving or as 
decoration. 

Because of the difference in fiber length and physical behavior cer-' 
tain prccautions.iire_necessaiy^tp .bring about proper.blending^m mix- 
»g£Liaw.X Otton witl f!scbured.wool before spinning It is very important 
tliat tlie wool be oiled separately before the two materials are blended 
m the mixing picker In worsted spinning (French system) where 
wool top IS blended with cotton sliver, the various drawing machines 
have to be set more closely to compensate for the short cotton fiber 

C. otton y ar ns a re used_extensivelyjm^wArpiDe.an d weaving tojpro- 
d pee warps JioH'^fi^dcloth. „bolivja, .velou rs. blan k etsanS sfiirtij aigs 
Numerous fleece^^cbatings have a cotton yarn backing htunakingj^ 
dophlp^or, friplA.rln»hc, as-wi ^-as .b jankets , cottojr UbmdeE^or-sfatehing 
t hreads are _emDlovjed and Q3rfiian.yaras.are4ised-as,fillmg in»some*of4he 
gabardines an d -Venetians In the cheaper men’s wear suitings, fine 
cotton yarns are extensively used, twisted with worsted yams m warp 
as well as in filling Very popular also are piece-dyed coverts used for 
top-coatings where the white warp effect is produced by the presence 
of fine white cotton yarns twisted with worsted yarns Fine mercerized 
cotton yams are used extensively for stnping in mens wear fabrics 

The cotton yarn number is based on 840 yards per pound The follow- 
ing cotton yarn numbers are a good cross section of the cotton yarns 
usfed For knitted backings in fleece overcoatings — 12 to 16s , for warps 
in broadcloth, bolivia and blankets — 1/14 to 1/20, for men’s wear 
suitings — 26/2 to 30/2 , gabardine filling — ^30/2 to ^/2 and for strip- 
ings — 120/2 mercerized cotton 

J^grceEi gffLcgffonwjMercerized cotton is characterized by the high 
luster brought aS^t by treatment of the fibers under tension in a 
concentrated caustic soda solution Observed under the microscope, full 
mercerized fibers resemble silk in their lack of structural detail In 
cross-section they exhibit a full round to oval shape with the lumen 
either as a thin short line or a tiny hole in the center of the fiber ^ 

’Werner von Bergen and Walter Krauss, Textile Fiber Atlas (New York 
Textile Book Publishers, 1945), p 26 
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Bast fibers In addition to cotton there are employed in combination 
with wool other vegetable fibers belonging to a group known as bast 
fibers, su gli as flax^pr jinen.^hemp, iutje and^ramie. 

The basTfiliers are not used to any"” great extent in woolen and 
worsted dress goods and men’s wear Their greatest- Use is found in th e 
i gakmg j i Lthe bac ^truj:;tuije«p i^^rpets and rug s (See Chapter 21 ) 

RAYON FILAMENT AND STAPLE FIBERS 

The word rayon has been in use since 1924 as a generic name for a 
group of man-made fibers made by four distinct processes Previously 
rayon had been known by various names 5 uch as “artificial silk” and 
“wood silk”, as well as by special brand name's. In 1926 the A.S.T.M. 
adopted the name rayon and defined it as . “A generic term for filaments 
made from various solutions of modified cellulose by pressing or draw- 
ing the cellulose solution through an orifice and solidifying it in the 
form of a continuous filament” In 1937 the Federal Trade Commission 
promulgated the Rayon Trade Practice Rules Under these rules the 
term rayon is defined as “the generic term for manufactured textile 
fiber or yarn produced chemically from cellulose or with a cellulose 
base and for thread, strands or fabric made therefrom, regardless of 
whether such fiber or yarn be made under the viscose, acetate, cupratn- 
monium, nitrocellulose, or other process”. , 

Rayon was invented in Europe at the end of the 19th centurj '■«' 
was produced there for some time before its introduction into tin' 
coimtry in 1910 While originally intended to imitate the expensive 
natural silk, it has now earned a place second only to cotton among the 
important textile fibers Its world production climbed from 33 niilhon 
pounds in 1920 to approximately 3J4 bilhon pounds in 1942 In 1939 
it surpassed the world wool production for the first time, thus attaining 
second position among fibers used for clothing purposes. 

In the manufacture of rayon, three methods are generally used In the 
order of their commercial importance they are 1 ) Ae viscose process, 
2) the cellulose acetate process and 3) tlie cupranwiomum process A 
fourth process, the nitrocellulose process has not been used since 1934 
in the United States The methods for making rayon differ considerably 
according to the process used However, as implied in the definition, 
the following three steps are basic; 

(1) Cellulose is changed into hquid form 

(2) The liquid is drawn out into very fine strands 

(3) These viscous strands are converted to solid cellulose filaments 
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and combined into continuous yarn, or made into short lengths known 
as “rayon staple fiber “ Brief descriptions of the three basic processes 
foi making rayon follow. 

V tscose rayon process In the viscose process the filament or fiber is 
spun from a viscous liquid made from regenerated cellulose with the 
aid of water and various chemicals To make one pound of viscose 
rayon, 1 15 to 1 25 pounds of wood pulp and/or cotton linters are 
necessary. Before the cellulose is in solution and ready to go into the 
spinning bath, the following steps are necessary Ptrst, the pulp is 
mercerized until it is a pure alpha-cellulose, known as alkali cellulose , 
second, the alkali cellulose is shredded and then aged , third, its chem- 
ical form IS changed as it is churned with carbon disulfide and con- 
verted to cellulose xanthate It is then matured, and dulling agents 
are added, if desired. When the resultant syrupy liquid has been 
carefully filtered and deaerated, it is ready to be spun into filaments 

The spinning solution is pumped through a spinneret which is im- 
mersed in a hardening bath (The spinneret is a cap of speaal metal 
about half the size of a dime, m which there are many tiny holes ) As the 
spinning solution emerges from the spinneret holes into an acid harden- 
ing bath, It coagulates into fine solid filaments, the number of which 
IS determined by the number of holes in the spinneret A single spinning 
machine consists of many spinnerets immersed in a hardening trough 
through which the acid flows continuously 

In the production of continuous filament rayon yarn the filaments, 
as they leave the hardening bath, are carried up over a series of rotating 
glass wheels which stretch and guide them down to a collecting bucket 
or pot The pot, which rotates at high speed, imparts a slight twist to 
the yarn, and forms it into a cake The cake of yarn is desulphurcd and 
washed, then bleached, washed and dried It is then ready for winding 
into cones or other packages desired by the textile mills The entire 
process, including the making of the yarn, fakes about one week 

Cellulose acetate rayon process Purified cellulose from cotton linters 
IS steeped in acetic acid and then allowed to age or mature The aged 
pulp IS mixed with acetic anhydnde, and goes into solution as a salt, 
cellulose acetate The solution is a clear, thick liquid After further 
aging, the cellulose acetate is precipitated m tlie form of pure white 
flakes by running the thick liquid into uater Tiie flakes arc then 
washed and dried Next, tlie flakes are dissohed in acetone to form the 
spinning solution, which is clear and has about the same consistency 
as molasses syrup 

As in the case of the viscose process, the spinning solution is forceil 
through holes of a spinneret to form filaments of raj on From the ho^cs 
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of the spinneret, the streams of filaments are conducted down through a 
shaft where they meet warm, humid air. The acetone evaporates, leav- 
ing continuous filaments of acetate rayon The collected filaments are 
gi\en a slight twist and the resultant continuous filament yarn is 
wound into the various forms required by the textile mills 


^ Cuprammoiunm process Cellulose is dissolved in a solution of copper 
sulfate and ammonium hydroxide Tlie solution is then aged and fil- 
''»*ed, after which it is ready for spinning. The spinning solution is 
jmped through a spinneret As the tiny streams pass through the 
hardening bath, they solidify into fine filaments After the yarn is 
washed, soaped Md dried, it is ready for use During the process the 

nlaments are sufficiently stretched to reduce tliem to the proper size 
or denier. ^ 

Rayon jams are produced in two forms, namely, as a continuous 
lament yarn and m a fibrous form, known as short staple fiber Rayon 
s aple noers have found an increasing use in the woolen and worsted 
industry, whereas the smooth, long rayon filament yarns cannot be 
used to produce goods of a wool-Iike character. 


taple fibe} . The first domestic rayon staple fiber was produced com- 
mercially bj' the viscose process in 1928 The operation consists of spm- 
ning rayon filaments and then cuttmg them into short, unifoim lengths, 
cotton, worsted or spun silk spinneis into textile* 
T yarns The idea originated in Germany dur- 
^ar I. It made no appreciable progress here until about 
since that time it has had a phenomenal growth In 1929 the 
world production of viscose rayon staple fiber was a little over seven 
mi ion pounds, whereas in 1941 it had reached the enormous total of 
over one billion pounds 

growth was slow at first, and it continued 
y until 1935 Table 10 shows the increasing domestic produc- 


TABLE 10 


year 

1930 

1935 

1940 

1945 

1946 


U S PRODUCTION, IMPORTS AND CONSUMPTION OF 
RAYON STAPLE FIBER 
(In thousands of pounds) 

Avatlable jar ^ 

Production* Imports U.S Consumption 


350 518 868 

4,600 1,461 6,061 

81,098 17,736** 98,834 

168.400 2,400 170,800 

176.400 33.800 210,200 


•Acetate and \iscose staples combined ••Nine months only 
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tion, imports, and total consumption of staple fiber, principally viscose 
fiber, in five periods from 1930 to 1945, and through 1946 
No exact figures are available for the output of “wool” types of 
rayon staple fiber, which are compaiable in fineness and length to the 
various wool qualities It is estimated that the wool type represents 
about one quarter of the total world staple fibei output, the other three 
quarters being produced in the cotton type 
The present trend in rayon staple fibei is to simulate the mam 
physical characteristics of wool sudi as fineness, length, crimpiness, 
luster and strength Today the staple fiber is produced in various fine- 
nesses, namely, lj4, 3, 5, 8, 10, 12, 16 and 20 deniers and in lengths 
of from Ij/^ to 5 inches, to correspond to the various grades of wool 
The curves in Fig 9 show which type of viscose and acetate staple fiber 
compares most closely with a given wool quality. 



Fig* 9 Relation between theoretical and actual width of viscose 
and acetate staple raj on compared with wool grades 
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Physical and chemical characteristics Rayon exhibits the same 
properties whether in continuous or cut form, varying only according to 
the process by which it is made. Because it is primarily cellulose, it 
^ j properties similar to those of cotton. Microscopically, 

the diirerent types of rayon fibers can be identified readily by the shape 
of their cross sections. (Fig, 10 ) 



10 Cross sections of rayon staple fibers (X 500) 


As the microphotographs show, the cross sections of rayon filaments 
are of vaiying shapes The factors responsible for their shape are the 
strength of the coagulating bath, the size of the orifice and 
^ ® stretch after coagulation In viscose rayon the contour 

IS the most irregular, the acetate shows rounded curves in its cross 
senion, whereas the cuprammomum is nearly circular 
Both raycm yams and staple fiber are now made in bright luster and 
in varying degrees of dullness, to resemble as much as possible the 
color and luster of wool This delustering is achieved by the addition 
of titanium dioxide to the spinning solution. The dull rayon filaments 
are easily recogfnized in cross section by the presence of little black dots, 
caused by the metallic dulling agent 

Fineness When the filaments are measured according to the stand- 
ard test method for fineness of wooF, the following facts can be estab- 
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ll^hcd . ( 1 ) Tlic r,i} on staple fibci «> at c by far nioi c uniform than wool 
1 lie dispersion range is iniicb smaller and, iherefoie, also the per cent 
\ariation as shown in Table 1 1 (2) The measured width of the viscose 
and acetate rayon is considerabl} higher than the theoretical vdue as 
can be seen from the chart, Fig. 9, which compares the curves lor the 
theoretical fiber width \vith the curves found by actual measurement of 
the fiber width 

TABLE n WIDTH MEASUREMENTS ON RAYON STAPLE FIBERS 


Number of Fibers 200 


Denier stse 

Standard 
deviations 
Average microns microns 

Standard 
error microns 

Co-efficient 
of variation 
in percent 

15 

14 45 

Viscose Staple Fibers^ 
216 

15 

14 0 

3 

2055 

235 

16 

114 

SS 

2735 

340 

23 

124 

JO 

3680 

525 

37 

142 

20 

4945 

695 

48 

14 0 

3 

1955 

Acetate Staple FtberP 
248 

17 

126 

S 

2517 

340 

24 

13 5 

8 

32 88 

391 

27 

118 

12 

4003 

587 

41 

140 

16 

4500 

643 

45 

140 

20 

51 55 

751 

53 

14 5 


1 Courtesy of American Viscose Corporation (Fibro fiber ) 

’ Courtesy 01 A M Tenney Associates (Tennessee Eastman staple ) 



Av length Variation 
Types Inches Per cent 

S-denier acetate 5" staple 4 2S 224 

5-denier acetate 4" staple 237 388 

5-denier viscose 4" staple 2 87 33 8 

Fig 11 Length curves of rayon tops 


These results are very 
valuable in establishing 
the grade of staple rayon 
present m finished fabrics 
in order to calculate back 
to the original blend It 
proves that wool measur- 
ing methods can be ap- 
plied to grading the vari- 
ous staple rayons 
Lengths Commercially 
the following lengths are 
the chief ones available 
1, 2, 4, and 5 inches 

The length diagrams pro- 
duced with the Suter 
wool stapler are charac- 
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tenstic of all staple rayons and are illustrated in Fig. 11. They are 
easily distinguished from wool length curves. 

Moisture content The moisture contents of rayon yarns and staple 
vaiy accordmg to tlie process by which they are produced. Viscose and 
cuprammonium rayons have about the same moisture content as w'ool, 
w’hcreas acetate rayon has a much lower moisture content At 65 per 

relative humidity and 70“ F , moisture contents are as shown in 
Table 12 


TABLE 12 MOISTURE CONTENT OF VARIOUS RAYONS 


' IN PERCENT 

Types 

Viscose 

Acetate 

Cuprammonium 


% motslttre 
13 10 
5 95 
1245 


The specific gravities of the different rayons vary according to pro- 
^ss, 1 e , for acetate 1 33, and for viscose and cuprammonium 1 53. 
1 he specific gravity of wool is 1 30 which means that acetate rayon has 
nearly tlie same weight as wool per volume, one reason why it mixes 
well with wool 


regenerated cellulose products are, in general, less resistant to 
heat than the vegetable fibers such as cotton and linen While viscose 
and cuprammonium rayons burn like cotton, cellulose acetate bums 
mu^ hte wool, leaving charred ends or globules, though the odor is 
quite different The fire hazard in mills handling rayon staple fiber 
IS no greater than that involved m handling cotton 


Chemical pioperties. The chemical behavior of viscose and cupram- 
monium rayon is much like that of cotton Strong acids are harmful and 
es roy mem by carbonization They are highly resistant to alka- 
lies Acetate rayon, being a cellulose ester, is much more resistant 
to acids and will even stand carbonizing with aluminum chloride or 
Carbonizing with sulfuric acid, however, even 
destroy the acetate, tenders it to a damaging degree 
^1^” must be removed, it is necessary to pre-sapomfy it with 


FrequMtIy mixtures of two or more allmlis are employed for saponi- 
fication For example, one formula consists of two pounds of caustic 
soda (76%) and eight pounds of trisodium phosphate dissolved in fOO 

^ water. The material is treated in this solution for one hour 
at 140° F 
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NEWER DEVELOPMENTS 

Impro\ cinenls, cspccmll}' of the rayon staple fiber, are coming so 
rapidly that many of the properties described above are changing con- 
tinuously, and It becomes increasingly difficult to record them com- 
plelcl}'. I^rently, prnrliirpft ^yifh n-cr imp ap - 

pjcga^n g ^fi at of wool whicji, wliileJegsened-dunngjnaaufattui mg 
p rocesses Uiicii as cardiiig^rnTgilling^ jcgaiiied bv steammgjtjie yarn s 
or goods Thisl)TTngs..tlie-sta i)le liber still c losinloIHie generalJOiaTac- 
. tcns tics ^of wo oL Anther development utilizes the incorporation of 
nitrogen-containing compounds such as rasem a n d-nt her- prote ins, 
thereby altering the chemical characten sties, as well as the dyeing 
properties, in_siiglv^w-^»^rf<tni^fliaf-c<»£ji1ar wo pl^dye sj^n b e emplo yed 

Ihe cieasability of a fabric which contains a large per cent of staple 
fiber IS found to be far greater than in woolen piece goods Of late tins 
defect IS being overcome, lar gely bv _the^pphcation of synthetic resins 
to,iQ95e^taplcJBber, as ell as in finishing the goods The use of staple 
fiber in woolen and worsted piece-goods has already reached consider- 
able propoitions It has been estimated that 25 percent of all ladies’ 
dress goods and children’s wear today contains large proportions of 
staple fiber In the production of men’s wear, both viscose and acetate 
staple fiber have been used for summer sportswear such as slacks, 
jackets and shirts However, in men’s suiting the fiber has not found 
wide pse so far 

Casetnjf^et s The year 1935 saw the introduction of the first syn- 
thgfic woor'produced from milk or, specifically, casein It originated 
m Italy and was given the trade name Lam tffl The inventor is Antonio 
Ferretti, whose patents are being commercialized by the Snia Viscosa 
interests, the largest producer of rayon and staple fiber in Italy 

The spinning equipment is the same in principle as that used for the 
conversion of wood-pulp into rayon The casein is extracted from 
skimmed milk in the usual manner and after extraction it is dissolved in 
an alkali bath The paste formed is squeezed through exceedingly fine 
holes or spmnerettes and the extruded vermicelli passed through a 
condensation and hardening bath of formaldehyde and other chemicals 
winch assist in the process To give the continuous filaments a wool- 
hke appearance they are cut into lengths similar to staple fiber. Jpne 
pound of casein makes , jou ghly_l . pound of casein s taple fiber. 

American development In tins country, Earle O Whittier and 
Stephen P Gould in their U S Patent No 2,140,274 of December 13, 
1938, and later No 2,204,535, of June 11, 1940, offered a process of 
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making casein fibei and assigned the patents for public use. So far as 
IS known, no commercial fibei has been made as yet by this process. 

American commercial development of casein fiber has proceeded 
from work on casein originated by the Atlantic Reseaich Associates, 
Inc , of Newtonville, Mass (The initials ARA from this company’s 
name are found in the trademark of the commercial American casein 
nber A^^^and in the name of several novel processes used in its inanii- 
lacture ) Today, the sole domestic manufacturer of casein fibers is 
Araiac inc , a division of National Dairy Products, Inc This company 

A nrvf ° in Bristol, R 1 in 1939 with a daily output of 

4,000 pounds. 

In July, 1941 the plant was moved to Taftville, Conn , where it at- 
amed an output of 15,000 pounds per day It has doubled its capacity 
since and in 1943, it had a capacity of 30,000 pounds daily or 10,000,- 

fai- asserted that this increase is due to the interest 

ken in the fiber by the woolen, woisted and cotton spinning trades A 
new Arathenntng or acetylation process gives the fiber improved stabil- 
a^sorpt water and wet processing and also reduces dyestuff 

American casein fiber is sold most commonly in the form of loose 
s apie fiber Araiac, Incorporated give the following chemical and 
physical properties for their product 

Chemical and physical properties In chemical constitution and many 
ot its phj^ical and chemical properties, Araiac has a great resemblance 
wool The chemical composition appi oximates that of wool (Table 


TABLE 13 CHEMICAL COMPOSITIONS OF WOOL AND ARALAC 

(in percent) 


_ . Araiac 

Carbon 53 

Hydrogen 7 5 

Oxygen 23 

Nitrogen IS 

Sulfur 0 7 

Phosphorous 0 8 


Wool 
4931 
7 57 
23 66 
1586 
36 
00 


Physical appec^ance .Ai2lgcjs.-as.^c?g^ .colored, soft_^tapIefiber, 
with a semi-dujl lustre It so mewhat .resemSle s wno],^with aiLimparted 
S^ipEL > -h9.i 9 >.§.Q|tt.wpolyTi|yna"lZrnder^ieTiiicroscope it appears fong>" 
tudinally as smooth cylinders with slight stnations and pigmentation 
and has a circular cross section 


Length and fineness The staple fiber is manufactured in grades 
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approximating^ 50's, 60‘s and 70's wool, and in 15 micron (finer than 
any wool grade) and in any length from to 6 inches 

TABLE 14 AR/\LAC QUALITY AND GRADES 


Grades 

Diameter 

Fiber Stse 


(i« microns) 

(denier) 

SO's 

20 

7 

60*s 

25 

5 

70’s 

20 

3 


15 

1J4 


llic dr} strength of Aralac fiber is 12,000 psi at 70“ F and 65 
per cent relative humidity The wet tensile strength is approximately 
40 per cent of that of natural protein fibers At standard temperature 
and humidity, the elongation is 12 to 15 per cent Elongation of Aralac 
is influenced by moisture and temperature and its elasticity is some- 
what less than that of protein fibers The regain of Aralac at 70° F and 
65 per cent relative humidity is approximately 126 per cent or a com- 
mercial regain of 13 per cent 

Aralac sw'clls when wetted out with water to a degree dependent on 
the pH of the aqueous solution (Table 15) In general, the higher the 
pH, the greater the degree of ^veiling — — ~ 

TABLE 15 ARALAC FIBER SWELLING 


Fiber Solution % swelling 

Regular, unncutralized aqueous — pH 4 8 

Regular, scoured aqueous — ^pH7 22 

Regular, unncutralized 10% caustic 47 


The fiber is insoluble in organic solvents and its specific gravity is 
established at 1 29, slightly lower than wool Its absorbency is a httle 
greater than that of natural protein fibers, with a greater tendency to 
hold water Having a protein base, it burns with the same odor and 
bead formation as natural protein fibers 
Aralac tends to accelerM eielting. Because of its shrinking properties, 
elasticity aiide^e of deformation when moist or wet, it acts advantage- 
ously when blended in suitable percentages wath^vyogl^ndJurJEor^elt 
manufacturings i n^<:qnventional ^procedures 

AraTac"^I^ubject to attack of the webbing moth and carpet beetles 
It may be mothproofed with many types of mothproofing agents 

Effect of heat Aralac should be dried at less than 212° F because 
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drying at higher temperatures will cause harshness The presence of 
formic or acetic acid reduces the tendency towards harshness when the 
fibers are dried at high temperatures, uhereas tlxgnresen.ce.joLalkRlies 

causes jliscoloration.ofJie,fther 


11. oj alkalies Aralac fibeis, like animal fibers, are sensitive to 
alkanes, and may be dissolved bj the action of strong alkalies At high 
emperatures strong alkalies dissohe Aralac in approximately one 
1 whereas animal protein fibers dissolve more quickly. 
jjajgs,.^uclws.,iiissodium^hpsphate,...sodium» bicarbonate, borax, 

and other alkalies haying a ia^ 
®^‘^Ji 5 L.^e,fiber j^gssjised in liigh„concentra^onsJfpr 

at^lngh..temperatures^ 


ffec 0/ acids Aralac does not appear to undergo any appreciable 
ange wjie, 5 j:j:teted.,,witli -diiute-saads. However, the acids are held 

fiber, and cannot be removed entirely b) 
fii#. A,-^i When treated w ith dilute aads, an^,then washed, 

un neut^izing the acid-treated fibers, the fibers return to tlieir 
gmal 03 e absorption properties Concentrated mineral acids, such 
tanpSres''^''"^ ^'^integration of the fiber, especially at high 


OTHER MAN-MADE FIBERS 

Other new man-made fibers of interest to wool 



KTTf.'TKw j r j 10 me Aunencan textile trade in ivjo 

host: Tf found Its first important use 111 women's full-fashioned 

water syjithetiCiiib,ec,.>beiDg-m ade from coal, air an d 

name for all materials technically defined as 
fiber-foming polymeric amides having a protein chemical 
an /1 a H ^ Silk, hair and wool It is made from dibasic acid" 
nr fike rayon into fine continuous filament yams 

or the filaments may be cut into short staple fibers and spun by the usual 

fr™ ’ ®PV" systems It is distinguished by its ex- 

strength and can be drawn into -very fine fibers and filaments 
umformit}' of diameter Tt. has high abrasion resistapM,,iS 
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less bead It absorbs about 4 per cent moisture at standard conditions 
It can be made m bright and dull luster and has good moth, insect and 
mildew resistance Mild acids and strong alkalies have no appreaable 
effect and nylon is readily soluble only m phenol or hot concentrated 
nitric, sulfuric, hydrochloric and glaaal acetic acids j[LeaoJbe^dy:.e(tjy|th 
Jg^at ^m^L uble colors suc h _^^a^,usedjon,aa^te.i:^yon. Shrinlcage is 
contrmlaDle ahd'^^nnanent set can be accomplish^ by steam In 
admixture with wool it has definitely good possibilities which have not 
as yet been fully explored 

Its use in knitting yarns for the purpose of increasing wear and 
abrasion resistance by reinfoi cement in foot positions, as m socks, has 
proven highly valuable 


TABLE 16 COMPARISON OF FINENESS, LENGTH AND STRENGTH 
OF NYLON STAPLE, NYLON AND WOOL TOPS 


SIZE 

NYLON STAPLE 
FIBER 

NYLON TOP 

WOOL TOP 


■ggmjjilllgggM 

64r SOs 

Fineness (average 
microns) 
Co-efficient of 
variation in % 

215 324 

6 8 269 

215 302 

71 87 

219 304 

210 250 

Length m mches 
Co-cfficient of 
variation in % 

3 

28 36 

159 J42 

28 41 

36 8 341 

Strength. 

(Grams/denier) 
Pounds/square in 
Co-efficient of 
variation m % 

47 30 

67,900 42,000 

57 93 

40 50 

57,370 72,040 

52 28 

13 16 

22,246 27,065 

23 U 


Courtesy Fcrstmann Waoien Labaratoncs, (1946) 


Table 16 shows a comparison of nylon staple and n>Ion top v.ith wool 
top of the same fineness Unifo nn ity of fineness and lengtli is far greater 
innvlon thanJn wool Its strenmh’is wvwhere from 2 to 3 limes 
g reat er. man>comparative>wool grades 
Nylon brushes are used in brushing and shearing woolens and 
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v\^rsteds Of late, nylon tow has been produced for use in making 
eiTTCt threads of various combinations, twists and cords®, 

Vtnyl resin fibers Another man-made fiber has been used, t o , s ortifc 
extent^Lt^e Jnanufacjjire ofjnduslfial feltHihd'non^^wQyen felt- hats 
^l^Las-knittedf^nps It was intro9iice*d in 1937 by the C^bdeancl^ 
Carbon Chemicals '^Coip. and, in 1939, the American Viscose Corpora- 
tion produced it for the textile trade in tlie forms of filament yarn and 
s aple fiber under the trade nam e Finvan >. Vinyon is a copolymer of 
vinyl chloride and vinyl acetate,*' produced by polymerization rathei 
t lan condensation as are the phenol, urea and alkyd types of resins. 
It IS spun similarly to acetate rayon and stretched considerably during 
IS pri^ess It IS easily identified by its dumbbell-shaped cross section / 

IS a OT)'^ nber, having less than one half of one per cent moisture at 
f conditions Its specific gravity is 1 37, and acts veiy much like 

and IS thermoplastic It fuses at 140“ to ISO® C or 285“ 

, , stretches from 18 to 20 per cent, depending on conditions 

ot temperature, moisture and manufacturing procedure It is practically 

by bacteria, fungi or mildew and will not 
combustion It^pan<be’'dyed„readdy.- with^^eciaUjLHSP^*"®^ 

available When a scarcity of 
was^used,.as,ajvaluable substitute and 
worked^ouf\ir^m^woaep:g^^%^ 

nature and characteristics are similar to casein 
Pord Motor Co and used in auto- 
ya.nous types Toward the end of 
World War H Ford sold the facilities to the Drackett Company of 
Uincmnati, who IS now producing soybean staple fiber and continues 
to offer It to the textile trade It has only about 80 per cent of the 

unbleached state. It has 

fn density is 1 31, very dose 

to wool. With further development and improvement the fiber has 
possibilities in admixture with wool for felts 

^anut protein fiber There has been considerable experimentation 
m xLngland with a staple fiber made from peanut protein, which ij sJSiy 
^^l^^^ ^. J 9--SSy.b.can_aad..^ase^lJ ibe r In this countiy, the fiber is being 

T ‘’ber and yarns see J M Matthews and 
Sons, pp 855-87? * 
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produced m small quantities by The Virgmia-Carohna Chemicals 
Corporation of Carteret, N J 


Seaweed fiber Dry seaweed contains 15 to 40 per cent of alginic 
acid, a chain molecule of high molecular weight, consisting of B-d- 
mannuronic acid residues The sodium and calcium salts of this acid 
have been found to be suitable raw materials for the production of 
fibers 

Up to the present, calcium alginate fiber constitutes the product 
of most commercial value It is readily produced by extruding sodium 
alginate solution into a weakly acid solution of calcium chloride 
containing emulsified oil It is highly satisfactory in all respects 
except for its solubility in alkali However, this property has been 
turned to advantage in the manufacture of crepes, astrakhans, twist- 
less cotton fabrics and light weight worsteds 

A limited supply of such super-light-weight worsted fabrics ap- 
peared in England in the spring of 1947 Made^oJ^purejwsipl, they 
)fla»gb -Jbetween , o ne- and t^cee;. and jjnezhalf ounces. per„square, yard 
ObviouiSy^ "woTsted yams fine enough to produce such exceptional 
lightness of fabric would be too frail to stand up under the stresses 
of modern weaving To produce the fabrics, the worsted yarns are 
reinforced by twisting with a calcinate alginate yarn which has a 
strength comparable with that of viscose rayon After weaving, the 
alginate yarn is washed out, leaving an all-wool fabric 

J B Speakman^ discovered the process and a considerable amount 
[ of credit for development of the commercial use as reinforcing threads 
\in yarn and cloth should jfo to Mr A Johnson of Courtaulds Ltd ® 

' Other man-made fibers have been made from vinylidene chloride, 
egg albumin and feathers as well as chitin, corn and fibroin, but 
none has found any use in the woolen and worsted industry Attempts 
to produce a pure keratin or animal protein fiber have not been suc- 
cessful, hence it appears that wool will hold its dominant lead for some 
time to come as the most important animal fiber in the textile world 


^Speakman, J B , Beryllium alginate fibers Bntish (Aup , , jq 43 > 

.Johnson. A . Spcakman J B ^ and Cefo.l, Ltd . Bnt.sh Pat SSO.Ma (Jan 13 943) 

Tupholme, CHS, Algtnie Aeid Textile Fibers, (3iein Enc ftews zo, 13 (ju'y iw. 
1942) 




Chapter 7 


GRADING AND PRODUCTION OP WOOL ' 



While tfie'^riation in wool has some correlation with the ty^ 
and breeds of sheep, wide va riatiqns_je^st^jyithin the breeds. 
Fleeces having the same fineness ofT^vary greatly in fiber strei^tn, 
spinning properties, length, and contents of grease and dirt. iPPlb- 
climate, .and feed. all have a far-reaching influence on,Jhe. c^araPter 
or WO OL 

Fleeces of merino or Rambouillet sheep from some sections 
the western range where grass is sparse and sandstorms are frequen , 
may^hank.^jjnjich...as^65.~to^5 -per.j:«Lt-SJ^hioxe,, du&Jo...g|gs 

aii(Ljdirtr..-wJhOT scoured ..or,^cleaned.-.preparatpry. to^-manutacmi ^ 

Fleeces from ^fiwp "of these same breeds grown on excellent biue^ 
grass pastures where sandstorms are rare, will shrinkca^X^ 
tq,..^,pper~cents Such characteristics as strength of fiber, spinni g 
pro'perty, and length of staple are also affected by the conditions 
soil, climate, feed, and care 

To produce the many different kinds of woolen and 
yams and to secure the desired effects in finished articles, 
(^ar^er,an4 a..sjByscified..j^res..jQ^^ 
i;g|jm^ It is obvious that a fine, lightweight fabric could no 
pioSuced from a coarse wool, nor would a fine wool be used 
produce a rough cloth 

Two important operations are carried on in the 
wool from its raw state to the finished fabric, the purpose Lg 
is to group together wools of like characteristics. The first or t 
IS the market operation of grading, in which whole, fleeces 
classed and graded into their respective grades The second op- 
tion IS sorting, the breaking up of the individual fleeces into 
various qualities This is usually done at the mill As most m 

* Sections of this chapter are taken from 7 Merritt Matthews and F. Sons. 

The Textile Fibers, Stli Edition, hy permission of the publishers, jonn 
Inc , New York 
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facturcrs confine their products to only a few kinds of yarns and 
fabrics, the number of grades of wool suited to their needs is 
limited. 

Demands for specific guides are chiefly responsible for the sepa- 
ration of the fleeces into the different groups or grades Manufac- 
turers are willing to pay a higher price to obtain wool containing 
only those grades which meet their requirements Therefore, graded 
clips usually bring a better price In order to dispose of wools to 
the best advantage, the seller must know the proper class and grade 
names, tlie shrinkage, and must be able to understand the published 
market reports. 


GRADING OF WOOLS 


Commercial grades of, w'ool.are,,based- primarily. Dnjineness, or 
diametcr^-of^ fiber Two distinct systems of nomenclature are used 
m the industry to describe the market grades of wool They are 
known as the blood or American system and the numerical or 
English system Terms like "fihe,” “half-blood,” and "three-eighths 
blood,” describing the fineness of wool, are of American origin, 
and their use is confined principally to this country It should be 
understood that the word "blood” is a wool-grade term and has no 
reference to the breeding of the sheep Xfoui^uumeucaLterms.like 
5§§..^s,^7Qs..*are .used,, internationally and Jiave fpr them Jbasis .the 
giaximu m spinning capacity, of .wool, or the, finest.possible^ count 
t^wfiic^ be spun^ The 'use of the numerical terms is com- 
parafively VecOTt 'iri' this country, except among importers of wool 
The fineness of wool can be designated more accurately by these 
numbers In view of this fact, it is reasonable to assume that the 
numerical system will be more popular as it becomes better known 
To correlate the two systems, the grade specimens used in the prac- 
tical forms of the United States official standards for grades of wool 
cariy the respective numerical terms and the corresponding terms 
used in the blood system 

Official standards The United States Department of Agnculture 
issued the present standards for grades of wool, which are recog- 
nized by law, on June 18, 1926 These practical forms are made 
up in sets which can be obtained from the United States Depart- 
ment of Agriculture, Bureau of Agricultural Economics, Wool 
Section, in Washington, D C, by the payment of a small fee 
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Fig. 1. OfTicial United States Standards tor grades ot wool 
(1/3 original size) Courlrsy U. S. of Af/rteultutc, 
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Every wool grower, wool merchant, and all agricultural agents and 
teachers who arc connected in one w'ay or another with the wool 
industry should be m possession of such a standard box, which 
assists in distinguishing the different grades 
There are Iw’o kinds of sets, each one placed in a cardboard box. 
One box contains a representation in part of the official standard 
for grades of wool, consisting of seven grades for purposes of 
grading wool in the fleece The seven grades constitute the practical 
divisions of the range in fiber diameter and are the basis of the 
work of the wool grader. The second type of set (Fig 1) contains 
the practical form of all twelve official standards for grades of wool, 
which may serve as the basis for sorting at the mill 

PmcHcss Fineness in wool can be correctly designated by either 
system or by both systems, but the English (the numerical system) 
IS more specific in several instances The terms "56s” and "three- 
eighths blood” describe the same grade of wool But in the case 
of "fin3e” the numerical system has three grades (64s, 70s, and 80s) 
to cover the qualities so designated Table 1 shows the designations 
of the market grades of wool in the two systems and correlates a 
term in the blood system with the numerical system 
To the original standard of twelve grades in Januaiy 1940, a 
thirteenth grade — namely, 62s — was added This grade has been an ac- 
cepted grade in the Amencan top trade for years 

TABLE 1 


STANDARD UNITED STATES WOOL AND TOP GRADES 

Fine 

f80s 

70s 

Quarter-blood 

fSOs 

\48s 

* 

[64s 

Low quarter-blood 

46s 


f62s 


Half-blood 

60s 

Common 

44s 


58s 



Three-eighths blood S6s 

Braid 

/40s 

\36s 


The hand-knitting worsted yarn manufacturers and their trade 
organizations use an additional grade, namely, 52s-S4s, representing 
coarse three-eighths-blood wool 

Length The nomenclature in the blood system and the numerical 
system refers only to the relative fineness or the diameter of the 
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wnni Therefore, in order to indicate lengths, and to give the 

necessary to use other desig* 
for Ipno-tiic tv. f terms describing the market groups or classes 
“comK^''«^ T when the wool is graded are; 

“clothing ” The dothing-Jengths 

rated graded, they are normally sepa- 

comL? «,i5 strictly combing, French 

Michip-fn PpTin farm-flock wools originating in Ohio, 

lengths are and West Virginia and of strictly combing 

the same wool f® delaine,” whereas French combing of 

tne same wool t>pe is known as "baby delaine” 

the ^stomary to make only two groups, 

mediate length ic ^ cbtliing On very few occasions when an inter- 
orin the quarter-blood (48s and SOs) grade 

as "baby combmf "^Th grade, it is sometimes designated 

lengths^ ^ wools from 46s down are all of combing 

fin^ wool *s either described as a 

description onlv ^ d4s, 70s, or an SOs grade, but with this 

when referenre’ ic^ can be formed regarding its length. But 

only fine but ii- ale “^‘^cdiately becomes clear that the wool is not 
suffi^ae-nt 

correcf^le^eAs^^fnr °®cial standard whidi specifies the 

following ^.si4tions“forfiM wU?'. “"""“'y 


As 
age 
staple” 


\ Clotinng, under inches \ 

P combing, to 2}4 inches 1 

f otncUy combing, over 2f^ inches \ 

^^rseness these lengths increase on the aver- 
)Ie” wools ^ S^^^de Fine combing wools are often called “fine 


Grading in the United States 


grower was very uncommon in the Umted 
States previous to World War I During the years from 1920 to 
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1939, however, there was a in.irKcd tendency on the pdrt of those 
who pool or consipn their wool to sell by grade With the federal 
gotcrnrncnt strongl} supporting such a move after World War II, 
grading of wool may become a general piocedure m the future 
Selling any commodity ungraded is bound, in the long run, to work 
to the advantage of the bu}cr, because he is naturally in a better 
position to judge the tiue value of ungraded commodities than is 
the average producer. 

The grading of wool is usually done in warehouses, either at 
the large concentration points in the country, where the w'ool is 
grown, or where the wool is sold In the United Slates, these ware- 
houses are located in the cities of Boston, Philadelphia, Chicago, 
St Louis and other cities in the Middle West and the South, as well 
as on the w'cst coast in the cities of Portland, Oregon, and San Fran- 
cisco The bulk of the domestic wool is graded m the Boston ware- 
houses Wool in original bags is bought in increasing amounts by 
large mills These w'ool clips come from a few range states and are 
ungraded, but are still sufficiently uniform for marketing purposes 
In some instances a wool dealer, w'hen purchasing a large amount 
of ungraded W'ool direct from the ranches, may send out his own 
W'ool graders and grade the wool at the shearing pen before shipping 
It cast By sending representative samples of the various grades to 
the prospective customers the wool merchant may be able to sell the 
wool before it is shipped or while in transit, and thereby save the 
expense of warehousing 

Following is a description of the warehouse grading as done at 



Fig 2 Modern Cooperatively-owned Wool Warehouse at Boston 
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Boston When a lot of wool reaches the warehouse, the bags are 
opened up and trucked one bag at a time to the grader. The working 
bench for the grader is a large wooden table which rests on wooden 
horses, allowing it to be moved and taken down easily Surrounding 
the table on two sides are large baskets on rollers The table is 
placed either under a skylight or in front of windows if possible 
faang^ north, the grader stands on the free side of the table 
and his only needs are a pencil and a notebook to check the lot 
number and bag number. To be a good grader it is essential to 
have good eyesight and an average memorj^; the grader’s meraorj 
IS the result of practice and experience, and enables him to make 
a qinck decision about the grade of wool as represented in the fleece 
To have an official standard set on hand is an excellent aid for any 
grader The grader is assisted by two helpers, one to truck the bag 
snd the other to pass the fleeces one by one up to the 
table after the bag has been opened on the floor The grader opens 
up the tight fleece a trifle, pulling out small samples about the size 
of a lead pencil, from several places over the fleece. He tests it for 
strength b}' trying to pull it apart with his fingers and, using 
his thumb as a ruler, he estimates the length of the staple His 
eyes will note at a glance the fineness He then turns the fleece 
over to the other side and repeats the procedure If both sides are 
equal in grade and length he throws the fleece into a designated 
basket containing other fleeces of similar grade and length After 
the baskets are filled, they are removed and emptied onto a pile 
of fleeces of the same grade, where they remain until the entire lot 
has been graded If they have been sold, the graded wools are 
immediately rebagged and shipped Fleeces of the same grade, but 
of various lots, may be piled together and such graded piles before 
^^y contain as high as 5000 fleeces or approximately 
40,000 pounds Great care is taken by the wool dealers in stacking 
the graded piles of wool attractively, because they believe that mer- 
chandise well displayed is half sold The piles are built upward as 
nearly straight as possible, with square corners 

From these piles samples are drawn to represent the grade and 
sent to the various mills The wool buyers of large mills prefer to 
examine the wool in bulk and therefore they risit the wool store- 
houses fo look over the Avhole lot The buyer is privileged to take 
out any fleeces which in his judgment do not belong to the pile 
This is called “^drawing the fleeces ” As this is done at the buyer s 
expense, he does it himself or sends an assistant to do the* drawing 
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V*haj ?ht won} 1% njtprovcd, ii bniiijct! anti ilnppcd according to 
t’nt dnccSuoin of the purclia^er. 

V.W< tint {-i.vlrd in tlic V.w!. the South, or any other con- 
centration p'u:*,! anti "hipped to Ho'^ton for talc arc seldom pul into 
pilct again Sample .hag'* arc laid out on the floor or placed in a 
small pile for mtpcct'on W hen the lot it told, the buyer has the 
privilege of ojttning all the from the lot He opens up one side 
of the v,f>o! rad. and, thouhl an) fleece in tlic hag he ofTgradc, it is 
p'lllcd out ami clatcjficd at a "reject." "Rejects" arc fault) jlteccs 
or tho'c which hive a hmitetl inari.et because of their color. Owing 
to carclcs*i shctnng and t\ing the llcccc may contain a large quan- 
t,ty of straw and seeds \chich have been puked up from the floor 
of the thearing pen Then again the fleece may be burry or contain 
1 large amount of vegetable matter which would require carbomr- 
ing Wool rcmovcil^froin ibc^carcatsct of^tliccp winch ha\c died 
from ilincs*t’‘or7cJ*po^turc, knouii at dead wool, black and gray wools, 
ami cdtictljlfccct arc all datsillctl as rejects Wools or fleeces from 
breeding ranis'of the merino type arc also clatsificd as a reject 
bccautc of the t\ccss aniotmt of wool grease they contain, the 
shrinkage of tucli fleeces is higher than from ewes of the same grade 


Classing of Wool in Foreign Countries 

In normal times the United States imports about 250 million 
pounds of wool annuall) ; therefore, it is vcn[ important to know 
the various grades of foieign wools marketed in this county l 
methods of grading and preparing the wool for the market in t 
great wool-producing countries of Australia, New Zealand, •^ou 
Africa, and South America differ widely These national methods 
will be described in the following pages 

Classing of wool vi Avstralia In Australia, the &«ding. or class- 
ing, as It IS called, is done right at the shearing shed The ^ctud 
shearing is performed in the same manner as shearing in the United 
States, with the exception that the belly wool is usually shorn sepa- 
rately from the rest of the fleece Special care i?. 
the fleece from contact with foreign substances The sharing room 
IS presided over by tlie classer, whose job it is to 
into the various classes or grades, and to keep the wool 
money value together as much as possible 

Thi clasMr if usually a man of technical trmning who has s^ied 
wool classing m one of the various agricultural rallege lorated 
throughout the country , he may be an employee of one of the large 
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wool houses An owner sometimes classes his own wool As the 
value of the clip depends largely upon the way in which it is dassed, 
the classer's name goes on ea<± bale so that he will be responsible 
for the quality m die pack Nearly all of the wool houses supply 
or recommend dassers to their clients, feding that this provides 
greater insurance of uniformity m the bale Qassers are not licensed 
and their position depends largdy upon their ability to sort wool 
properly. In classing wool the standards adopted by the Bntish- 
Australian Wool Realization Association (Bawra) are followed m 
a much modified form 


On bemg brought from the shearing floor the fleece is throwUi 
skin side down, on the wool classing table, so as to open widdy 
The dassing tables are about 7 feet wide and of various lengths, 
8 to 9 feet or multiples thereof The table consists of a heavj’ 
frame, about 36 inches in height, wifli slatted bottom The slats 
are generally an inch in diameter and rollers at either end perniit 
free action while handling the fleece They are spaced about yz 
apart to permit short second pieces or dirt particles to drop to 
the floor. 

Skirting is the next step, and consists of removing from Ae boa) 
of the fleece any objectionable sorts Two skirters usually wors 
together at one table, one skirter operating on the front part of tu 



necKlpjcces, bdUeSj4ocla,^ani, stained p^s. The various 
are separated by the skirters as follows. A small fragment of tn 
wool skirted from the forequarters of the fleece is normally 
and of lighter shrinkage than the inferior “plucking” of the britch en 
They are known as "first pieces” and “second pieces ” First a 
second pieces are looked over, together ivith the bellies and sweep 
ings of the shearing floor, at die piece-picker’s table. The 
stained parts, and locks are sojted into individual bins. Th® 
picker’s table is 8 by 3^ feet and is sloped like a desk with the top 
made of slats, Yz inch apart, to allow dust, sand, and twice-cut woo 
to fall through. 

The next step is the actual gradmg, determined by the w'pol 
himself as 70s or 60s super-combing or whatever grade it 
The fleece is then placed in the bale assigned to that grade i 
fleeces from ewes, wethers, rams, and lambs are kept separate. 

After skirting, the fleece is rolled ivith the cut side out and 
tied up by twisting in one end The best method of 
fleece i< to ha^e the flesh side of the fleece facing the table. 
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turn in a little of the britch end and a little of the neck portion of 
the fleece After this, the side of the fleece farthest away is thrown 
toward the roller, making two folds The fleece is then rolled up 
from the britch to the neck 

The packing is done with great care and the bales are reduced in 
size by the use of hydraulic presses The bales contain an average 
of forty fleeces and weigh 300 pounds Heavy jute bags are used 
w hich are -^inged on. the, inside to prev.ent,loosej'ute fiberjiecoming 
iJliElSi^^fhe'wool Each bale is plainly marked with the grower’s 
name or brand and the grade of the wool it contains By this method 
the mill which receives the bale is able to identify the grower 
The most common grades of Australian wool are 

1. AUSTRALIAN MERINO WOOL GRADES 

AAA Comb Extra Super Comb The longest, sound-stapled, hghtest- 
conditidned, bright, fine fleeces the pick of the wool from the whole 
flock 

A A Comb Super Comb (A A Merino ) The fleeces a Uttle shorter m the 
staple than the Extra Super Comb 

A Comb First Comb (A Merino ) The heavier-conditioned fleeces having 
a fair length of staple, value about Id per pound less than the Super 
Comb 

Comb Second Comb The shorter-stapled, tippy, and heavy-conditioned 
fleeces 

B B Comb The lightest, strong-fibered, sound-stapled fleeces of about 
S8s/60s quality 

B Comb Wool similar to B B , only heavier ifl condition, duller 
A Fleece First Fleece Tender and very short staple fleeces, provided they 
are not too heavy in condition 

Fleece A cast sort for any dingy or discolored wools or any very heavy 
conditioned or tender fleeces 

A A Cloth Super Clothing The short, sound-stapled, hght-conditioned, fine- 
fibered fleeces 

A Cloth First Clothing Fleeces similar to the A A Cloth, but containing 
more yolk, etc , and black-tipped fleeces 
A A Lambs Super Lambs The long-stapled and bright, fine lambs, free 
from burrs and seed 

A Lambs First Lambs Shorter, heavy-conditioned lambs, including bell> 
wool and odd seed 

Lambs Second Lambs Very short, lamb locks, burry and seedy, kept free 
of urine stain 

B Lambs Third Lambs Stained and crutching tjT>cs or any black hairs 

2 AUSTRALIAN CROSSBRED WOOL GRADES 

Super Comeback Long sound-stapled fleeces, light condition, well-grown 60s 
quality and up 
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2 AUSTRALIAN CROSSBRED WOOL GRADES— Cont 

A A Comeback Long sound-stapled fleeces, light condition, well-grown 58s 
quality 

A C^melrack Short heavy condition, not so well grown, seconds of Super 
Comeback, A A Comeback, S8s quality and up 

A One-Quarter Bred Good stapled fleeces, light condition, well-grown 
56s quality 

^ ^uai f Bred Good stapled fleeces, light condition, well-grown SOs 

^ ij'^ce-Quarters Bred Good stapled fleeces, light condition, well-grown 
46 s quality 

^ ^bove^^*^ ^Heavy short reject fleeces, also tender, that are not suitable for 

C Coarse Crossbred Strong coarse fleeces of 40s quality 
^ ^length Free Tf 58s/64s, super style, color, and 

A A Lambs The firsts of the fine Crossbred Lambs' fleeces, of S6s to 58s 
quaht 3 ', long-stapled, bright, and free from burrs or seed 
A Crossbred Umbs The firsts out of the Crossbred Lambs’ fleeces, of 46s 
to 50s quality, long-stapled, bright, and free from burrs or seed 
Crossbred Lambs The seconds of the A Crossbred Lambs, also the 
seconds of the A A Lambs 

Lambs The short, stained, fatty, and fribby ends, and lambs’ locks and black 


3 AUSTRALIAN PUREBRED LONG WOOL GRADES 

^ bright, long, free, and sound-stapled fleeces of 

^ Similw wool to A A Lincoln only heavier in condition, also a 

little coarser Quality 40s to 36s 

Lincoln Fleece Cotted and hairy fleeces of 40s and 36s quality 

4 AUSTRALIAN OFF-SORTS WOOL GRADES 

second pieces, bellies, locks, crutchings, black wool, dead 


Classing of wool m New Zealand Wool classing in New Zealand 
IS similar to Australian wool classing Because of the smaller aver- 
age Size of the flocks, however, it is not customary to make as many 
sorts The wool is skirted , belly wool is kept by itself, as are th® 
leg wool, neck wool, breech wool, and crutchings These with the 
small bits of good wool, which drop from the fleece in classmgi 
constitute the grades of wool as it comes from the farm^ The fo " 
lowing classifications are generally found. (1) skirted fleeces 
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marked according to grade; (2) bellies; (3) necks, (4) pieces; 
(5) breech wools; (6) crutchings or tags 

Classing is done in very large holdings; usually about all that 
IS done with the smaller clips is to remove the belly wool, the seedy 
or buriy portions, and the crutchings. Each sort is packed in a 
separate bale, which is labeled with the brand of the owner and the 
type of the wool it contains The bales weigh about 400 pounds 
each Many of the owners of the small flocks make no effort to 
class their wool, they pack it lightly in bales and bring it to the 
broker’s warehouse There the bales are opened and the wool is 
classed and then mixed with wool of similar grade After the 
grading, this mixed wool is repacked under a new name adopted 
by the broker This method of grading by the wool broker is called 
“binning,” and the process is similar to that followed by the Co- 
operative Wool Association in the United States in grading small 
lots 

Classing of wool xn South Africa The classing of wool in the 
Union of South Africa is not as elaborate and as thorough a process 
as in Australia or New Zealand Only about 40 per cent is con- 
sidered well-classed, the remammg being merely skirted to a 
greater or less degree, some fleeces being packed with no skirting 
at all The government of the Union is devoting considerable money 
and effort to bringing about a more uniform preparation of the clip 
for the market The main difficulty is the lack of trained and ex- 
perienced wool classers The sorts made are similar to those of 
Australia Some wool is sheared every six months so that the staple 
IS short and, therefore, can only be classed as “clothing” wool 
About 60 per cent of a twelve-months’ clip is classed as “French 
combing,” with lengths of 2 to 2^ inches The bulk of the wool 
IS practically all merino and is classed as 64s to 70s, with a consid- 
erable quantity of 

Classing of wool in South America The wool growers in South 
America, especially in Argentina and in Uruguay, are fast adopt- 
ing the Australian method in preparing the wool for the market 
Better wools are usually skirted and baled without lying the fleeces 

In Argentina, where Buenos Aires is the wool center, the sorts 
are designated as B A — Buenos Aires Wool The various grades 
are distinguished by numbers one to six Long wools and low 
crossbred wools make up 75 per cent of the clip in Argentina. In 
the provinces of Santa Cruz and Chubut, finer grades are raised 
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which are classed by themselves and under these names. The most 
desirable South American wools for the woolen and worsted indus- 
tries are the Montevideo wools grown in the country of Uruguay 
Compared with English and American wools, the mam grades are 
as follows 


TABLE 2 ■ 

GRADE CLASSIFICATION OF SOUTH AMERICAN WOOLS 



Argentina 

English 

United States 


and Uruguay 

Equivalent 

Equivalent 


Superior 

SOs 

80sl 


Merino 

Bueno to superior 

70s 

70s 

■ Fine 


Bueno to corriente 

64s 

64s 



Corriente 

60s 

62s 

1 Blood 


1 Primera cruza 

58s 

58s to 60sJ 

Cruza fina 

1 

56s 

56s — Blood 


lto2 

50s to 56s 

_ 

! 


L2 

50s 

— — 

. % Blood 


[2 to 3 

48s to 50s 

— 

Mcdiana 


48s 




[3 to 4 

46s to 48s 

— 

Low Blood 


4 

46s 



Gruesa 

4toS 

5 

44s 
40s to 44s 

1 

Common 


5 to 6 

40s 




6 

36s 


■ Braid 


6 to 7 

32s 

— . 



Source Pablo Link, Lanares Y Lanas, (1938), p 182 


CLASSES OF SOUTH AMERICAN WOOLS 

Supras Super Well-skirted attractive wool of good qualitj 

Prime^ First quality Sound, clean, well grown 

Segundas Inferior Less attractive wool, burry and faulty _ 


Concordia wools from Argentina are similar- to Montevideo wools. 
They receive their name from the city of Concordia on the Uru^ay 
River, Another desirable wool is produced m the extreme 
end of South America in the country of Chile It is the f , 
Arenas named after the seaport city from where the wool is shipp® ^ 
It runs normally from SOs to S6s in grade, and is classed accorame 
to the English system 
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Evaluation of Shrinkage 

Probably the most important factor m determining the value of 
wool, especially in the United States, is its shrinkage In inspecting 
raw wool, the first duty of a buyer is to estimate the yield of "clean” 
or scoured wool Domestic wools m^ shrink in scouring from 25 
iojSO nei^^cent, meaning that!!!l(lO..PO^^£^^ ra w. Vydol mayj^ield 
?tLto 75 jpounds of clean wool Since “more than 300 pounds"bf 
grease wool "may be required to produce 100 pounds of scoured 
wool, the importance of shrinkage, from the buyer’s viewpoint, is 
easily appreciated. 

Shrinkage is the result, first and chiefly, of the wooj grease and 
79?^^ present jn.vaxying quantities, in every natural wool. The line- 
wool sheep carry much more wool fat in their fleeces than the breeds 
of the medium or crossbred type A big difference also exists be- 
tween the fleeces of the ewes and the rams in regard to the fat 
content The ram fleeces have a much higher wool fat content and, 
therefore, a higher shrinkage For Texas wools, the grease content 
runs between 20 and 25 per cent m the ewe fleeces and from 40 to 
50 per cent in the ram fleeces Second, -shrinkage *is a^-esult-of sand, 
4y.sii^and»dirt, which .make, up « ’great percentage' of the foreign 
ma‘tter_ later .lost in. scouring A third.iactoiuinfluencing^shrinkage 
is the presence of vegetable matter such as s,eeds.and .burrs, which 
necessitates a carbonizing process, in addition to the scouring, to 
remove them The.proper^shrinkage^can onljr ^e ascertained Jiy actual 
soDimng^of„the .whole Jot pr a' sample represenjtingjhe, lot 

Experienced wool 'buyers are supposed to estimate within 1 per 
cent of the actual shrinkage To attain such accuracy takes many 
years of experience and knowledge of the actual mill shrinkage of 
the same type of wool, or the same clip, for several years back 
The buyer cannot rely on the judgment of others, but must handle 
many fleeces right at the shearing shed or from the stockpiles, 
to estimate the average shrinkage for a whole lot The individual 
fleeces in the same clip or pile may vary 10 per cent or more 
from the estimated average A careful _w .OQL.b.uv-erj.lsp..studies .the 
S^eathexjcondatmnajnJhejQcaliitylKBere-thejKQoLwas-grown 

Price and shrinkage All grease wools are purchased on the "clean 
value,” o r clean . rnfit,j,e , jhe^aqtual,jmarket yalue^pf, the-wool after 
all foreign ; nilttei^as.,beenr.rem6^ d b yrscouring' Since the wool 
growers" qiiote’lheir prices in the grease, the buyer is able on the 
basis of the shrinkage to calculate the clean cost For example, the 
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seller is asking 42 cents for his grease wool The buyer estimated 
this wool shrinkage as 60 per dent or a 3 neld of 40 per cent In 
order to find the scoured price, the following formula is applied* 


Scoured wool price = X 100 

or, in the example cited: 

Scoured wool price = ^ 100 = $1 05 


In the opposite case, when the wool buyer knows that the value 
of a certain grade of wool is $1.05 a pound, scoured on todays 
market, he is able to find the value of this wool in the grease by the 
following formula 


Raw wool price = 


Scoured wool price X yield 
100 


In the example shown above, it would be: 

Raw wool price = = $042 


Transportation charges must be added to the grease price. 

The average fleece weight for all United States wool has in- 
creased from 6 8 pounds in 1910 to 8 pounds in 1940, whereas the 
average shrinkage»fDr-theBsame,thirty;-year.»period^as fluctuated no 
more than 3 per cent, namely, between 59 and 62 per cent From 
1933 to 1940 the shrinkage was“^^ percrat,lSMtmg that the 
changes from year to year are very small and in no instance was 
there more than 1 per cent between successive years This averag® 
figure for the whole country is not of much value to the wool buyer 
or the farmer, because of the tremendous variation between woo s 
from the various states and ranges Of far more value to them is 
a knowledge of the various shrinkages 'for each state or, even better 
for the various sections in each state, and also the relationship whicn 
exists in the shrinkage between the various grades . 

Table 4 shows the mam United States wools, their shrinkage an ^ 
fleece weight foi the five-year period 1937-1941. It has to be re- 
membered that these figures include all the wools — fine, medium, 
and coarse — m each state. 
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TABLE 4 


SHRINKAGE AND FLEECE WEIGHT OF PRINCIPAL U S WOOLS 


Farm Sialei 

Range States 

Domestic Wools 

Range Wools 

Slates 

Shrink- 

pne 

(per 

cent) 

Weieht 
per Fleece 
(pounds) 
Grease Clean 



Weight 
per Fleece 
(pounds) 
Grease Clean 

Ohio 

54 

8 1 

3 7 

Wyoming 

68 

96 

3 1 

Pennsylvania SI 

7S 

3 7 

Montana 

64 

95 

3 4 

West Vifcinia 48 

S 1 

2 7 

Idaho 

62 

95 

3 6 

New York 

SO 

73 

3 7 

Colorado 

64 

83 


Michigan 

S4 

80 

3 7 

New Mexico 

68 

79 

25 

Vermont 

48 

67 

35 

Arizona 

64 

64 

23 

Indiana 

4S 

74 

4 1 

Utah 

66 

89 






Nevada 

66 

82 

28 





Texas 

62 

19 

30 





California 

62 

71 

27 

United States 61 

80 

31 






Source U S Department of ARricuIturc 


A Simplified wool price chart (Fig 3) to calculate wool prices 
has been worked out by S. H Hunt of the University of Wyoming 
The chart shows the relation between the clean pnee of wool m 
Boston, the grease price in Boston and at the ranch, and the 
shrinkage. The following directions are given for its use. 

1. Determine or estimate the wool shrinkage and the grade 

2 Find the clean price of the wool at Boston 

3. Lay a rule across the chart with edge crossing the determined 
shrinkage on the left side and the clean price of wool at Boston on 
the right side 

4 Where the rule intersects the center line the grease price of 
the wool can be read Shrinkage figures are in per cent. Price figures 
are m cents 

For example. A wool has an estimated shrinkage of 65 per cent 
and IS 64s m gprade The clean price m Boston is found to be $1 10. 
By linking the 65 on the left with the number 110 on the right the 
range price of the wool is found to be 34 cents or 39 cents grease 
price m Boston 
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THE PRODUCTION OP WOOL 
Summaiy Survey of World Wool Production 


Annual world production of wool averages around 4,000 million 
pounds, grease basis, of which about four-fifths is classified as "ap- 
parel” wool (merino and crossbred) and one-fifth as carpet wool 
A summary survey of output by mam groups of wool-producing 
countries is given in Table 5 As can be seen from these figures, the 
five main surplus countries of the Southern Hemisphere account 
for 70 per cent of total apparel wool output, and for well over one- 
half of world wool production The second main group of apparel 

TABLE 5 

WORLD WOOL PRODUCTION 

(Summary survey by main groups of wool-producing countries. Average 1939-40 

— 1943-44) 


Groups of Millions of Pounds, 

WooUProductng Countries Grease Basis 

Per Cent of 
World Total 

Group 

Percentages 

APPAREL WOOL PROD JCTION {MERINO AND CROSSBRED) 

Per Cent of 
Apparel 

Wool Production 

1 Five Main Surplus Countries 
(Austraba, Argentina, New Zea- 
land, South Afnca, Uruguay) 2,277 

2 Five Mam Deficit Countries 
(United States, United Kingdom, 

France, Germany, Canada) 660 

3 Rest of the World 307 

57 1 

16 6 

77 

70 2 

20 3 

9.S 

Apparel wool production, total 3,244 

814 

1000 

CARPET WOOL PRODUCTION 

Per Cent of 
Carpel, 

Wool ProducLen 



1 Three Mam Corpet-WooU 

Producing Countries' ^ 

(USSR., China, India) ^ 465 

2 Rest of the ^’’orld 276 

11 7 

69 

62 8 

37.2 

Carpet wool production, total 741 

18 6 

100 0 

WORLD TOTAL 3,985 

100 0 

— 


Sourci- G Blau, tf'crl tn HVrW Eeencny, Tart 1 
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wool producers comprises the five main deficit countries — the United 
States, United Kingdom, Canada, France, and Germany — account- 
ing together for 20 per cent of total apparel w^ool supplies The 
United States is by far tlie most important producer in this second 
group Indeed, the American domestic wool clip is the third largest 
in tile world, ranking next in importance only to Australia and 
Argentina At the same time, the United States belongs to the class 
of deficit countries because her own output is not sufficient to meet 
domestic needs and considerable (quantities of Dominion and South 
American wool must be imported. Together, the ten countries 
comprising the surplus and deficit groups account for 90 per cent 
of the w'orld s apparel wool output, and 74 per cent of the world 
clip 

The world s three main carpet-wooUproducing countries are the 
USSR, India, and China, which account 'for 63 per cent of total 
c^pet wool output, and 12 per cent of total world wool output 
The Balkans, Turkey, Iran, French Africa, and some South Ameri- 
can countries produce the bulk of the remaining 37 per cent of 
«rpet-wool production, or 7 per cent of the total for all wools 
Carpet wools are largely home-consumed and represent less than 
10 per cent of world exports. 
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Fig 4 World wool production from 1921 to 1945 
{Courtesy U S Dept of Agriculture ) 
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The world wool production, which before World War I averaged 
just over 3,000 million pounds, was increased by 23 per cent above 
the 1909-13 level in 1934-38, and by 30 per cent in 1939-43 Out- 
put m the deficit countries’ group in 1939-43 was only 11 per cent 
above the 1909-13 level; but the increase in world wool output 
during the interwar period was strongly influenced by the more 
than proportionate expansion of production in the surplus countries 
which represent more than half of world output 

The deficit group’s 11 per cent increase from 1909-13 to 1939-43 
was mainly the result of the rise by one-third in the size of the 
American clip America's share in the deficit group’s total rose from 
58 per cent in 1909-13 to 70 per cent in 1939-43, and thus more 
than counterbalanced the downward output changes in some of the 
European countries 

Despite occasional sharp changes in the size of individual coun- 
tries’ clips, short-term variations in wool supply by groups of coun- 
tries are, on the whole, relatively small A 

}ear changes during the 35-year period from 1909-10 to 194d-44 
shows that even in the surplus group, where year-to-year changes 
were relatively more marked than m the deficit &jfoup, only two out 
of thirty-four year-to-year changes exceeded 10 per cent or the 
previous year’s total, whereas in twenty-four instances the changes 
were less than S per cent In the deficit group, twenty-nine out of 
thirty-four year-to-year changes were less than 5 per cent and none 


were more than 10 per cent 

Dividing the total output of both groups into merino and cross- 
bred sections, it is seen that year-to-year fluctuations in merino 
production were, on the whole, more marked than in crossbred Ihis 
IS partly owing to the more serious effects of 
producing areas The relatively greater stability m crossbred 
section IS caused by the influence of meat prices, which are more 
stable than wool prices and which tend to make the supply of cross- 
bred wool even less responsive to changes in wool values fjjan th 
supply of merino wool Year-to-year changes in the S'z® of tota 
world production over the period considered correspond ^ ^ 

pattern^of the more stable “crossbred section of apparel wool 


°^The two mam components determming the trend of wool Produc- 
tion are changes in sheep numbers 

yield per sheep The 1945 Report of the J^odon Wool Conference 

gives estimates which appear to be based on 

neither of these two components is likely to increase over the next 
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TABDE 6 


WORLD WOOL PRODUCTION, GREASE BASIS, AND APPARENT 

CONSUMPTION 

(In millions of pounds) 



Appareni 

Con- 

aumptton 


Prodwlton 


a#M.ry and Area 

Orth and Central America 
United States 

Canada 

Others 

1934-38 

Average 

650 0 
32 0 
80 

1934-38 

Average 

425 1 
17 6 
116 

1939-43 

Average 

4460 
16 7 
112 

1944 

418 1 
19 3 
14 2 

1945 

389.6 

190 

142 

Total 

690 0 

454 3 

473 9 

451.6 

422 8 

South America 

Argentma 

Uruguay 

Brazil 

Chile 

Peru 

Others 

590 
40 
15 0 
12 0 
12 0 
(8 0) 

370 4 
117 8 
384 
32 7 
210 
14 2 

487 8 
130 0 
40.2 
35 8 
17 7 
13.S 

500.0 
142 0 
42 5 
36 8 
18 9 
10.1 

5000 

1370 

425 

340 

168 

101 

Total 

110 0 

594 5 

724 9 

750.3 

74CF4 

Europe, excluding Russia 
United Kingdom 
^eland 

P^nce 

Germany 

Belgium 

Italy 

Others 

6610 
30 
4240 
322 0 
122 0 
124 0 
414 0 

108 1 
17 1 
37 9 
34 9 
08 
37 8 
286 8 

98 2 
16 0 
31 6 
05 

41.1 
280 4 

86 8 
15.9 
260 
19 9 

27.6 
283 8 

900 
16 2 
250 
a 

230 

2281 

Total ~~ 


523 4 

517 8 


SoT 

Asia, excluding China 
Turkey 

India 

Japan 

Others 

iTtM 

!TiM 

54 3 
85 2 

74 5 

65 3 
80.5 

744 

69.6 
85 0 

88 5 

703 

850 

98J 

Total 

337 0 



243 1 

2sr? 

Africa 

British South Africa 
BVench North Africa 
Others 

(40 0) 

238 6 
84 3 

13 4 

257.3 
916 
12 7 



Total 

■iSiEa 

336 3 

3616' 

3513 

3Z9J 

Australia 

New 2k!aland 

Russia 

China 


995 3 
299 3 
210 0 

78 0 

1,125 9 
327 9 
2940 
90 0 

HI 

—pSTo 

370 0 
210 0 
_900 

Estimated World Total 

3,672 0 

3,704 0 

4,136.0 

3.949.3 

JjTSlJ. 


® Department of Agriculture, Agncultural Stattst%es. 1944, PP 
Bulletm. National Association of Wool Manufacturers, Vol LXXV, 1945, PP 
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decade, or that further increases in the average tield will be offset 
D> a reduction in numbers. 

^eep numbers, it is a liew shared b 3 ' mani* experts 
a die marked upward trend of the last 100 3 'ears is not likely to 
espeaally not in the prmcipai merino areas. It is held 
sheep-car^*mg capacity of grazing land has on 
0 e been reached, or, in some instances, surpassed, 
rpmincr optimistic forecasts have been made, however, con* 
^ prospects of increasing the average yield per 

thr-fiew ’if “ expert in this field, holds 

^ great buLc of Australian sheep could produce 50 

sheep is.determjned-basicaily;„b 3 ^,eEgdity 
Se by the wide adoption of progenj 

imDrfr-pm#>n^^' saentific research has led to important 

breeds ^J.^PP^'cation of this s>*stem. The “high^ddd” 

nutntinn fiac ,1 ^ maintained bjr improved 

meSo^ o^produSoo”"' and capM-intan*. 


TABLE 7 


TEN LEADING COUNTRIES IN WORLD WOOL PRODUCTION 
(In guHions of poond^ grease 


Cim\!ry 

i9Si-SS 

Aktojs 

Per 

Ce-d 

ISS9-4S 

Axsni-e 

Per 

Cent 

1044 

Per 

Cerd 

1045 

Per 

era 

Ausitalia 

United Ststes 
^Sentina 

Xew Zealand 

Bnbsii Scctb Atr« 
Rcsna CU AS R ) 
Uroguay 

United Kicfiflovj 
China. 

India 

9SSS 
425 1 
3704 
299J 
2386 
2100 
118 0 
IDS I 
900 
832 

26.S 

11 4 
100 
SO 
64 
56 
3.2 
2.9 
2.4 
2J5 

1.125 9 
446.0 
4S7.S 
3279 
2STS 
294 0 
130 0 
9SZ 
90.0 
S0.5 

27S 

10 S 
11.8 

7.9 

6Z 

7.2 

3.1 

24 

2.2 

1 9 

990.0 
418 1 
5000 
375 0 

234.0 

210.0 
142.0 

E6£ 

900 

850 

25.1 

10.5 

12.5 

94 

59 

SS 

3J 

2.9 

2.2 

2J 

9050 
389 6 
5000 
3700 
2280 
2100 
1374) 
9C.0 
90.0 
850 

2*5 

10.4 

sss 

9£ 

65 

56 

Sj6 

2* 

2A 

Z3 

Total 

2,940 0 

790 

3,337.7 

E0.S 

3,128 9 

79.4 3 

0016 

S0.0 

Eitiaated Wc-ld 
Total 

3,7200 

100 0 

4 1350 

ICOO 

3.9500 

1000 3 

76CO 

IOOlO 

» ^•,^partEieat 

ouiJe Astjonal AKs>cxa£ 3 oa 

/^cricul^KTsl S-etis‘xes, 1944. 
o. nool ifaanfactnrers, Vol UCXV, 1945, 



Charactenstics of the M ain "Wool Tjppes^ 


Characteristics of merino wools. Merino wools are the most 
%-aiuabie wools produced in the world. Approximately 35 per cent 
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of the world’s \\ool production in 1938 came under the merino 
classification Of this, 57 per cent ■was produced m Australia, ac- 
cording to an estimate by the Australian government 
The merino wools arc noted for their softness, fineness, strength, 
S”^„?l®sticity a)i*d arc especially desired for tKeir superior spinnfng 
properties. For spinning the finest woolen and worsted 
jams, merino wools are an absolute necessity Flannels and knit 
goods of high quality, suiting and dress goods of fine textur e, face- 
finished fab njrs such as broadcloths, billiard cloths, doeskins, meltons, 
anidvarious _un] form cloths iirc dependent on merino stock No other 
wool would give the required appearance, handle, finish, and char- 
acter which distinguishes each of these fabrics, and in many cases 
no other wool could be spun to the required fine yarn sizes 
The bulk of tlie merino wools grade 64s and up, but some of the 
Australian strong wool merinos produce wools as low as S8s The 



Fig 7 Variation of fiber length in different types of wools 
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fleeces are generally heavy, 10 pounds and up, and ver 3 r greasy. 
They shrink from 40 to 70 per cent, depending on the origin of the 
wool The fibers may range in length from 1 to 5 inches. 

Charactenstxcs of medium wools The fleece of medium wool 
occupies a middle position between the high fineness and density of 
the merino wools and the length and coarseness of the long wools 
There is no clear-cut borderline between fine and medium wools 
The^maip cnterignJojjthe classification is the fineness of the fibers, 
wl^i^cbl~r•anges^.fromJow„ .quarter-blood to half-blood^ respectively 
f'rom,46s-to 60s'^" 

The fibers may range in length from 2 to 5 inches generally they 
are of good combing length The fleeces are considerably lighter 
than merino fleeces, and because of their openness they contain less 
sand and are less greasy In scouring, the shrinkage ranges betwe^ 
40 and 60 per cent, depending on the grade and die origin of the 
wool The relationships between grade shrinkage, and length are 
given in Table 8 


TABLE 8 


RELATIONSHIP BETWEEN GRADE, SHRINKAGE, AND LENGTH 
OF UNITED STATES WOOLS 


Grades 

ShTivJtai^> 
Domestic 
(per cent) 

Shrinkage, 
Territory 
(per cent) 

Approximate 

Length 

(incites) 

Pme 

62 

66 


Half-blood 

56 

60 


Three-eighths blood 

47 

57 


Quarter-blood 

43 

52 


Low 

42 

46 



t4s.,thfi.^abih^, to 4elt.,decreases.,-wjth .the, increase Jn the? 
o^ &^^fibejgj^^ the medium wools (especially the down wools) are 
suitable'^ior hosiery and knit goods, whether machine- or ha^" 
knitted The standard wool grade-for handjcnittmg yarn^s.S2sr,§,4| 
The medium wools are also extensively used for ladies wear ^ 
such as suitings, coatings, and fine tweeds, and for men's medium 
worsted suitings, serges, flannels, overcoatings, and blankets 

Characteristics of long wools In the pedigree diagram of the 
domestic sheep, two classes of breeds are listed as yielding loJS 

wools, namely, the breeds g rpyog g;uiemilusten-wools.an{Lthe-breefla 
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growing Juslcr wools. The breeds giowing demiluster wools origi- 
nated from various crosses of luster and down sheep and of luster 
and English mountain sheep Because of this foundation the fineness 
of the demiluster wools overlaps that of the medium wools The 
fineness range .is from 44s or common to^SOs or quarter-blood, 
the lengths range from 6 to 9 inches The wool is of a lustrous nature 
and is manufactured into plain cloths, tweeds, serges, overcoatings, 
bjankcts^nnd'^clts ' 

The true long wools arc the luster wools derived from the Lincoln, 
Leicester, and Colswold sheep (Sec Table 7, Chapter 2) The 
standard is set by the Lincoln w’ool, which has a worldwide reputation 
for Us length of staple and beautiful luster The luster wools are the 
coarsest w'ools grown, ranging in fiber diameter from below 36s 
or braid to 44s or common They also hold the length record with 
32 inch staple from y earhng Lincoln ewes Normally, the wool grows 
from 8 to 15 inches Whereas the wool of the Lincoln and Leicester 
forms broad locks, that of the Cotswold forms curly locks, resem- 
bling mohair. All long wools are light shrinking, losing from 20 to 35 
per cent in weight through scouring The_j[uster wools are. manu- 
factured into braids, buntings, shoe laces, hifings, lustrous worsted 
fabrics, and pul^ felts 

Characi eristics of crossbred wools In respect to fineness, cross- 
bred wools belong to the medium type, but they have the added 
value of being 1 to 3 inches longer, and the amount of wool pro- 
duced per sheep is from 75 to 100 per cent higher than that of the 
down breeds Table 9 shows the comparison of the wool produced 
by the crossbred breeds and two down breeds in Australia 


TABLE 9 

COMPARISON OF AUSTRALIAN CROSSBRED AND DOWN WOOLS 


Breeds 

Length 

{inches) 

Weight 
of Fleece 
(founds) 

Grade 

Yield 
{per cent) 

Noil 
Yield 
{per cent) 

Polwarth 

CoiTiedale 

Southdown 

Shropshire 

SH 

SH 

2)4 

3}i 

8 to 9 

10 

3 to 4 

6 

56s to 64s 
50s to 56s 
54s to 56s 
50s to 56s 

60 to 66 
64 to 68 

60 to 65 

60 to 65 

4 to 6 

5 to 7 
12 

12 


In addition. Table 9 shows that because of the longer staple of 
the crossbred wools the yield of noils in combing is only half that 
of the down wool, which increases their value still further. 
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Some of these wools, especially the ones collected at Punta Arenas, 
on the southern tip of South America, are noted m the hosieiy trade 
for their good color and springiness, which is accompanied by a 
full and lofty handle The crossbred wool is used mainly in the 
knitting trade, but it is also veiy suitable for all types of worsted 
fabrics, for ladies’ as well as men’s wear, such as serges and tweeds. 
It,is alsp very desirable in the manufacture gf,mediuip,plassfOfjielts 
During World War II, large amounts of crossbred wools were 
used by the carpet industry' as a substitute for carpet wools 


Fig 8 (A) A lock of 
Navajo wool separated 
to show (B) long 
coarse outer coat fibers 
and (C) undercoat 
fibers 

{Courtesy V. S 
partment of Agnew- 
ture) 


-o'^^arpet wools^ The carpet wool fleeces are com- 
posed of a mixture of Tong, fiaiiy fibers forming the outer coat and 
a fine undercoat of true wool. These two types of fibers make up 
the mam part of the carpet wool fleece, but a third type of fiber, 
the so-called kemp, also occurs m varying amounts. 

The average fineness range for the coarse, long, hairy fibers is 
from 30 to 40 microns or from 50s down to 36s, whereas the under- 
coat measures as fine as 16 microns and up to 24 microns, which 
covers a grade range from 100s down to 60s The coarse fibers may 
range in length from 4 to 10 inches and the fine fibers from 2 to o 
inches. On a weight basis, the long fibers generally make up from 
20 to 40 per cent of the staple. The amount of kemp present 
vary from 1 to 20 per cent This is a brittle, opaque fiber, which is 
easily identified. All degrees of variation between these three typ®® 
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of fibers are found, and when these wools are analyzed micro- 
scopically, several subtypes of fibers have been distinguished under 
each type 

Burns, Johnston and Chem descnbe the various fiber types as 
follows • 

Carpet fiber types Chinese and other carpet wools of mixed wool 
type consist of different varieties of fiber such as true wool (fine 
undercoat), kemps (usually lying loose in the fleece), heterotypical 
fibers (hair and intermediate fibers), and colored fibers 

True wool refers to those fibers that make up the fine undercoat 
of the mixed-wool sheep Those fibers are oval in cross-section, 
have a solid cortical mass making up the shaft of the fiber, show 
no medullation, and are usually quite fine Even in fleeces of coarse 
appearance these true wool fibers of the undercoat may "be' of '64’s 
to, 70’s spinning quality 

Kemps, which lie loose in the fleece, are easily distinguished from 
the longer, coarse medullated fibers, which are not normally shed 

Heterotyptcal fibers Heterotypical fibers, as the name implies, are 
neither wool nor kemp Originally the name was applied to those 
fibers which within the same fiber shaft showed the characteristics 
of wool fibers, kemps, and hairs Later, as the kemps were sub- 
divided, the name came to be applied to those fibers which showed 
the fiber shaft characteristics of both wool and hair in the same fiber, 
particularly in respect to medullation and nonmedullation The 
structure of heterotypical fibers may vary considerably from the 
proximal to the distal end 

Colored fibers range from pale yellow to black m the true wool ; 
in the kemps, from Mack to red or fawn and on to yellow or buff 
A great amount of variation in color exists, even in the same fiber 

As the name indicates, carpet wools are principally used in the 
manufacture of carpets and rugs Wools from different geographi- 
cal areas have certain definite quality characteristic of value in floor 
covering Iii,general,AVOols, from the East India region furnish char- 
acteristics of loftiness and coverage to the pile yarn, resist crushing 
van3[ mat'tihg'and show high relative wear value Some New Zealand 
types have the highest resistance to abrasive wear but other types 
are smooth and contribute to shedding or fluffing China \\ ools arc 
excellent spinning wools but show relatively lower abrasive v car 
resistance than other types Some types of South American wools 
furnish high luster but contribute to a thin varn and shedding or 
fluffing The whiteness of South American and New Zealand tjpcs 
make them especially desirable for vcrj’ light colors 
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At times when wools of the other classes are high m price, cloth 
manufacturers turn to the better carpet wools for relief; but these 
wools do not give the same results as those they replace Some of 
t e better grades of carpet wools are mixed with other wools in 
the manufacture of coarse fabrics, such as the cheaper grades of 
c oakings, overcoatings, coarse tweeds, and cheviots. Some-grades 
are also u^ for^ielt boots, horse blankets, coarse upholstery goods, 
robes, pape^ makers. Jelts, and jiyadding_for gun cartridges, A 
large source of supply for carpet' wolSis. StA'w ftioS'prdduceJ 
y unimproved native sheep, are the skirtings, britch, badly cotted 
eeces, tags, and pieces from coarse domestic and crossbred wools 
arpet wools are comparatively coarse and are usually graded as 
coarse, medium, and good 

Australian Wools 

^°”“^onwealth of Australia, both in number of sheep and 
value of wool produced, is the premier country of the 
Rnnliar f "early 3,000,000 square miles 

7n miles have an annual rainfall of over 

in square miles from 10 to 20 indies, and 1,000,000 

having a rainfall between 10 and 20 
in^es, the bulk of Australian wool is produced 

ihe seven states making up the Commonwealth of Australia are 

2°"* Wales, Queensland, South Aus- 
a. West Australia, the Northern Territory, and Federal Capital 
lerritory With the exception of the Northern Territory, all the 
states share in the wool production (See the map. Fig 9) 

VVooI production in the Commonwealth during 1944-45 showed a 
aecjine from the record output of the previous season This . was 

drought losses of sheep and lambs and 
Til effect of the dry conditions on the growth of wool 

ihe Commonwealth production reached a total of 3,175,618 bales,, 
compared with the record figure of 3,708,212 bales in 1943-44. As 
the weight of bales is a varying quantity, it becomes necessary to 
make a cornpanson also in total weight On this basis the Common- 
wealth production was 947,860,944 pounds compared with 1,132,615,- 
077 pounds ih 1943-44 and 1,120,048,224 pounds in 1942-43 The 
average 'w^ght per bale, influenced by the lighter fleeces in 1944-45, 
was only ^8 pounds, as compared with 305 pounds in 1943-44 and 
312 pounds in 1942-43 

In Table 10 are compiled the number of sheep and the wool 
production of the states of the Commonwealth for the seasons 1943- 
44 and 1944-45. 
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TABLE 10 

AUSTRALIAN SHEEP AND WOOL PRODUCTION BY STATES 


Sheep Number Number of Bales Pounds per Bale 

Stale 194S-44 1944-49 194S-44 1944-46 1948-^4 1944-48 


New South Wales 

56,837,300 

46,662,000 

1,736,000 

1,470,000 


296 

Queensland 

23,255,584 

21,267,602 

646,500 

543,373 

307 

306 

Vietona 

19,220,457 

16,457,101 

580,712 

496,745 

287 

287 

South Australia 

10,359,669 

8,473,939 

362,000 

336,500 

318 

312 

West Australia 

11,130,000 

10,020,299 

325,000 

270,000 

320 

302 

Tasmania 

2,226,907 

2,187,799 

64,500 

59,000 

279 

283 



Fig 9 Commonwealth of Australia the seven states 
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heading wool centers in each state are. New South Wales* 

G«S Am Melbourne and 

laS • Brifban^P Adelaide. West Australia • Perth, Queens- 

ThV f ’ ^^smania Launceston and Hobart. 

whT^ S Table II 

1914 to 1945 number of bales sold and appraised from 


XAliL,E 11 



of 84 per cent mennn^ ^^^-year period from 1934-39 consisted 
years with thp inn crossbred During the war 

putposes and a bettPr crossbred wool for military 

followed thus ^ return from the dual sheep, the production 

bred wools had incrp T ^^^"45 season the amount of cross- 
the prewar ^ P'f 8 above 

dropped to 76^er cent amount of merino wool had 

spinning quaht^shm^^^°° wool is a bold well-grown 64s of medium 
ing characteristics nf length of staple, and reflecting breed- 

pastuTco^nnl Tn backed by ideal climatic and 

to:^be foundwn^certaSr’mr'w’ ‘aIso,.Jiner j:ounts-.up^to^lOOs, 

in other centers strong 

In the crosSrL'^ of staple ahd body. 

J.n tne crossbred section som^ 4 ..___ i {j.Qjn 


per cent hptn tr c a°i unction is greasy, the balance, 7 

wool tom scoured Also 95 per cent of the total represents 
wool tom grown sheep, 5 per cent bemg lamb’s wool 
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TABLE 12 

CLASSIFICATION OF AUSTRALIAN WOOL OP A YEAR’S NORMAL 
PRODUCTION AS PERCENTAGE OP TOTAL 


nodli: combing 


Sptnnerj' fitter 

Free or practicall) free 

Ceod iopraktng fitter 
Light burr 
Heavy burr 

ATtrage lopmaking fiette 
Light burr 
Hca\> burr 

Super Pieces, free or light burr 

Arerage pieces 
Light burr 
Heavy burr 


Fleece 
Light burr 
Heavy burr 

Pieces 
Light burr 
Heavy burr 


70s and 
over 

eos-ois to 
G4s-70t 

6Bs''6Qs 

BOs-SGs 

1 0 

50 

I 3 

07 

2 1 

20 5 

63 

3 2 

(1) 

07 

02 

0 1 

0 2 

53 

2 6 

06 

(o) 

06 

05 

02 

(u) 

1 1 

02 

01 

0 2 

63 

2 9 

08 

(a) 

23 

1 1 

0 2 

3S 

41 8 

15 1 

59 


FRENCH COMBING 
70s and GOs-e4s to 
oter 64s-70s BSsSOs 


BOs and 
under 


BOs and 
under 


Fleece and pieces 
Free 

Odd burr 
Carbonizing 

Lambs 

Free 

Odd burr 
Carbonizing 

iMcks and crulchtngs 
Free 

Odd burr 
Carbonizing 


CARDING WOOLS 
605 and Comeback and 

over Crossbred 


Medium and 
Coarse Crossbred 



Noble combing 
French combing 
Carding wools 


SUMMARY 

Bales 


2,024,796 
480 767 
499,961 

1 005,527 


Per Cent of Clip 


i^ANDTOTAL " ITi:: 

Negligible-less than 0 1 per cent (b) Including negligible percentages 
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The Australian Wool Realization Commission has made available 
a broad classification of the Australian wool clip based on a single 
year of normal production by a dissection of the appraisement 
records of the Central Wool Committee. This classification is shown 
m Table 12 

Wales has a world wide reputation for fine merino 
wools, bulk 70s In prewar times 90 per cent of the clip was merino, 
but, during the war, this dropped to 83 per cent The best merino 
wools, 80s and 70s, are grown in Yass, Mudgee, East Riviera, and 
Wew England districts, which are all at an altitude of 1000 to 2000 
These wools are known for their length, fineness, pliability, 
and soft texture with brightness The type is unequaled by any other 
grown outside of Australia From the districts of Central Riverina, 
xJoonoke, Wanganella, and Dubbo, merino wool of the medium 
class, o4s to 70s, is obtained This class of wool is produced by the 
greatest majority of sheep and comprises fully one-half of this 
state s flocks It is an all around type for either spinning or comb- 
ing Of the fine crossbreeds grown in New South Wales, fore- 
most in reputation are the Cornedale and the Polwarth. Coarser 
wools also are produced from Lincoln-merino, and other luster- 
merino crosses These wools vary from 36s up to 58s quality, and 
in length from 12 inches to 5 inches Short fine 58s wool is esteemed 
by the knitting industry 

Victorian wools include some of the best merino wools produced 
in the Commonwealth, and they are known as Port PhilUp They 
are well known for their good staple and uniformity of fiber 
i crossbreeds are mostly derived from Lincoln, Border Leicester, 
and Romney Marsh crossings All conditions favor the grades of 
crossbred wools for which the southern state is favorably recognized 
In prewar times the clip was 59 per cent merino and at present the 
Clip IS 43 per cent menno 

Queensland, being a semitropical country, is not as suitable for 
crossbreeds as it is for merino wool growing, in prewar times it 
cent merino wools and at present the figure given 
IS 99 per cent The bulk of the wools is not as well known as those of 
the southern states and resembles to a certain degree fine Texas wools, 
with the bulk 64s-70s quality Queensland wools are ^|cjnip,wA-^f 
meiti.j8dii,tenes5^^after^courine and ar^ very serviceable in the 
worsted and woolen trades’*^'^ 

The red wools of West Australia are so called because of the sands 
which adhere to the grease on the wool Of late years, this wool has 
been of a regular type, medium quality, and combing length but is 
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J!A;,cfL than -^for warp Improvements have been made 
through the introduction of the Boonoke, Wanganella, and Bunde- 
mar strains But because of the dry and sandy character of the wools, 
these improvements have been limited In prewar times, 95 per cent 
of the clip was merino, the 1944-45 clip was reported as consisting 
of 92 per cent merino 

South Australia at present is producing a bulk of warp wools, 
60s-64s quality They favor the breeding of sheep with big, plain, 
large bodies, producing a lengthy staple of excellent color which is 
especially suited to the topographical condition of this country of 
many open and exposed hot plains The prewar percentage of 
merino was 94 per cent, the present listing is 89 per cent The 
merino wools are fairly heavy in grease and yolk These two sub- 
stances are partly responsible for foreign matters clinging to the 
wool and giving it an appearance which often indicates the district 
in which It was grown 

Tasmania may be given the title of the "Merino Stud Farm of 
the World” because it has played the foremost part in building 
up the merino stud sheep Even though the percentage of merino 
wool grown is so low, the wool produced is of the most excellent 
quality and of rather heavy condition ApproxajiiatglyJWOJbales are 
avail able of a ualufcv«9Q and above ^eing o^such high Jineness,-' there 
i.s.a-Jai^er'proportioiLjof superiqrjcIothLng^in-this state than in any 
other In prewar times the clip was 23 per cent merino It varied 
during the Avar from a low of 23 per cent up to a high of 34 per 
cent for the 1943-44 season For 1944-45 it is listed as 24 per cent 

The Federal Territory is the only state where the wool production 
IS not officially listed because of the small amount that is produced 

New Zealand Wools 

New Zealand is the largest mutton-producing country in the Avorld 
and therefore the greatest supplier of crossbred wools Of the 
300,000,000 pounds of wool produced annually in New Zealand, 
only 3 per cent is derived from merino sheep The main breeds of 
sheep in New Zealand, as recorded by Hind, are shown in Table 13 

The Wool Metrology Laboratory in the Canterbury Agricultural 
College made analyses of the 795,153 bales of grease wool produced 
in the 1943-44 season in New Zealand The fineness distribution of 
these bales was found to be as shown m Table 14 
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TABLE 13 

BREEDS OF SHEEP IN NEW ZEALAND 


Type 

Perceniage 

Type 

Percentage 


Caossbred* 

75 00 

Menno 

3 25 


Romney 

10 50 

Luster 

0 75 


South wwn 
Comedale 

625 

400 

Shropshire and 
Ryeland 

0 25 



• Mostly Romaey blood 


TABLE 14 

COUNT DISTRIBUTION OF TOTAL GREASY CLIP 


Count 

KutrAer of Bales 

Percentages 

70 

24 

— 


5.055 

06 

60 

21,964 

28 

58 

40,724 

51 

56 

73,269 

92 

54 

6,320 

08 

52 

36,012 

45 

50 

332,928 

419 

48 

145,666 

18 3 

46 

109,754 

13 8 

44 

18,801 

2.4 

40 

3,899 

05 

36 

737 

— 

Total 

795,153 

99.9 


These figures clearly demonstrate the nature of New Ze^and w 
production Wools of 50s cotint and lower comprises 76 9 pef , 
of the total production Of the remainder, only 3-4 per cent is 
60s count or higher. The average estimated } ields vary from a 
of 52 per cent for 64s to a high of 76 per cent for 44s 


Cape Merino or South African Wools 

These wools are grown m the following four South Afric^ 
Cape Province (48 per cent). Orange Free State (34 per cent), 
vaal (12 per cent), and Natal (5 per cent). The 
and shipping points are East London, Durban, Port Ehzaoe , 
Capetown. 
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Some wools are shorn after about six or nine months of growth, 
henc e».the staple is short and, can only be classed as “clothing” wool 
About 60 per cent of a twelve-month clip has a length of 2 to^ 2^ 
inches. The bulk of the wool is classed as 64s to 70s, with a consider- 
able quantity of 80s Although the South African clip is finer than 
some of the Australian wool, it lacks the staple found in the Aus- 
tralian product Cape and Orange Free State wools vary in shrink- 
age from SO to 60 per cent The area around Port Elizabeth is 
noted for its “snow white capes ” 

Ttansvdcil wool shrinks between 48 and 53 per cent; whereas 
some of the Natal wool shrinks less than 40 per cent. Tlie -wool 
is^a^erly- sought, because of its suitability in the manufacture of 
^vjjpjen-spun uniform cloths, su^.as^fiannels, meltons, and^kerseys. 
GericraIIy^[!^cell en t felting wools, some Cape wools are said to be 
inelastic and some nbnfelting 

South American Wools 


The chief wool-producing areas of South America are in Argen- 
tina, which produces two-thirds (70 per cent in of the South 
American wools, Uruguay grows about a fifth (16 per cent in 
1942) , and Chile, Brazil, Peru, and the Falkland Islands yield the 

remainder . ^ t 

Buenos Aires, Montevideo, and Punta Arenas are stations for the 
collection and dispatch of the wool to the manufacturing countries 
Most of the Argentine clip is collected at Buotos Aires, the wools 
grown in Uruguay and southern Brazil are gathered at Montevideo, 
and wools from Patagonia and Tierra 1^1 Fuego are shipped from 
Punta Arenas, the Chilean port on the Straits of Magellan Semth 
American wools often are known by the initials of fte ports of ship- 
ment, the Buenos Aires wools are classed as B A, Montwideo 
wools as “M V ," and the Punta Arenas wools are known as Punta 
wools” or “P.A” 

Argenhna merttto wools The percentage of merino wool in the 

TABLE IS / , 

FINENESS OF ARGENTINE WOOL CLIP/ 

PerarS 

Fine wool Is ^ 

Fine crossbred wool 

Medium crossbred wool / ^ 

Low crossbred wool / : x 

Cnolla wool (carpet wool) / 


\ 



340 


American Wool Handbook 


Argentine wool clip is about 10 per cent (Table 15). According to 
Link, of the seventeen main breeds, amounting to 153,960 sheep 
m 1936, the merinos were represented by 17,809 Argentine merinos 
and 5018 Australian merinos 

Argentina may be divided mto three parts, the Andes area of 
the north, the Pampas area and the Parana River basin, and Pata- 
gonia in the south Crossbred wools are grown on sheep in the 
valleys where good pastures allow dual purpose sheep Menno 
sheep are kept on the high grounds of the Andes and in the Pata- 
gonia regions 

The finest merino wools of South America come from Patagonia 
and are known by the names of the states — Chubut, Rio Negro, and 
Santa Cruz The Chubut wool quality is about 64s to 70s, but the 
wool IS rather dry, resembling somewhat Brisbane wools The wool 
IS excellent for French spinning The shrinkage vanes between 55 
and 65 per cent A serious defect of the wool grown,^frqnij[,the 
Argentiae.jqiermp,ds.tfie;£relenc^^^ ' 

Uruguay mertno wools As in Argentina, only a small percentage 
of the Montevideo wools is of the merino type ; the largest percent- 
age IS crossbred wool of the finer grades 50s and up 

United States Wools 

The American wools are divided into two classes domestic and 
territory wools But neither of these terms is generally applied to 
Texas and California wools, which are separately designated 

'Domestic^ wools In general, domestic wools are all wools gro\^ 
in the United States, as contrasted with foreigfn wools In the 
domestic woolen trade the term “domestic” is applied^ to ^ 
grown east of the Rocky Mountains and Texas, exclusive of the 
western (range) portions of the Dakotas, Nebraska, and Kansas 
Most of these wools are known in the trade as fleece wools As th 
states in which they are grown are classified as farm 
government statistics the term "farm-grown wools” is applied lhai 
term also includes the wool grown in the Willamette Valley of west- 
ern Oregon and in parts of western Washington, as it is essential!) 
farm grown . 

The principal states growing domestic menno wools are Ohi » 
Pennsylvania, West Virginia, New York, Michigan, Vermont, a 
Indiana The most important section is the Ohio River j-t 

comprises Ohio, southwestern Pennsylvania, and the eastern P 
of West Virginia 
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‘ihr'.r fine v,»-n)«. foinpirc faxni.jhly with nn> in the world and 
arc c^}tn? •<> the } nr Auviralnn 'Ihcj* arc unusually sound and 
''iffUic ’uu! a;c :hr mus* \nhjal«!c American wools The domestic 
nrr. as a rule, ainuxl free from burrs and dnt Special atten- 
! on !' j'i%cn JO trccduij:;, the sheep bcim; housed and given every 
aticntum 'I he length of domestic merino wools ranges from 
2 to 5 mrhes M'enno wools from the Ohio Valley that are 3 inches 
and over *»re Inown as “delaine” wools Thc} are obtained by 
tarcful selcrt’on in breeding combined with c\cellenl feeding 

T^rrsfor,' tvnoh *'1Vrrilor\" wools, also known as w'cstern or 
range wools, are those grown In the states of Montana, Wyoming, 
Idaho. Xevada, Utah, Arirona, New Mexico, and Colorado, also 
the western portions of the Dakotas, Nebraska, and Kansas Terri- 
tory includes most of thc wools- produced in Washington and 
Oregon but does not include wools of Texas and California The 
name “territory” dates back to the time w'hcn thc regions west of 
the Missouri Kix’cr. prcMOus to their admittance to statehood, 
were called the territories 

Thc name "territory” is not strictly adhered to, as many of the 
territory wools arc called by the name of their state, when sold m 
hulk lots Thc production of Texas and California wool is included 
in government compilations under the term "range wools” 

Thc sheep roaming in these western states seldom receive any 
housing or protection from winter storms and blizzards, and they 
are rarely furnished with fodder Tenacious burrs abounding in 
the greater part of thc ranges become entangled in the fleeces The 
soil in most of the western ranges is sandy and al}{ahne Xhe^nature 
oJUhe.soil),sickncssjducJo jnsufftcient nourishment at various tunes, 
and_cxposurc may, w'caken tlic wpol in^ the fleeces of these sheep 
Tlicrcforc, at their best, the territory wools are seldom equal to 
similar domestic wools Most of these territoiy wools range from 
to 3 inches in length Because of excessive exposure to the 
elements, the wool generally feels quite harsh The wool vanes 
slightly m its characteristics from one state to another, and an expert 
wool buyer seldom errs, when judging the fleece, as to the state in 
which the wool was grown However, the wools grade into one 
another almost imperceptibly Montana, Wyoming, and Idaho pro- 
duce the best of the territory w'ools They are of about equal value 
and are usually grouped together in the market quotation for wool 
in the trade papers Wyoming wools are noted for their whiteness 
when scoured, and sought for the production of knitting yarns 
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Texas and California wools. These two wools, though grown far 
apart are usually grouped together Quite a high percentage of the 
sheep are sheared twice a year According to Ae season shorn, the 
fleeces are known as “spring” or “fall” Texas or California; or, 
based on the number of months on the sheep’s back, they are desig- 
nated as six-month, eight-month, and twelve-month wools 

Today Texas produces over 20 per cent of the total wool clip 
m the United States, and 95 per cent is 64s or finer Texas is 
probably the only state in the Union where 80s wools are produced 
in large amounts Especially in the last few years some Texas 
ranches produced wool which compares favorably with the best 
Ohio wools or even some of the Australian wools The only setback 
is that they do not have the length The custom of shearing twice 
a year is reflected in the unevenness in lengths of most of the 
Texas wools. The length varies from half an inch to inches 
for SIX- and eight-month wools, and from 2 to 3^ inches for 
twelve-month wools. Many of them are deficient in color, 

Calif ornxa wools According to Wilson, the California clip as a 
whole is predominantly a fine wool clip Parts of northern Cali- 
fornia produce some of the best wools in the United Statw, where- 
as the wool from the central and southern parts of California is 
short and defective Generally, California wools do not command the 
prices brought by Texas and territory wools, because most of them 
are liable to contain more injurious vegetable matter than wools o 
the territory states 

^ The U S Tanff Commission, in surveying the war-time suppy 
situation, made a study of United States pfoduction of shorn ana 
pulled wools, by grades, their estimated clean scoured yields, an 
production on the scoured basis This study covers the nye-y 
period 1936-40, when conditions of production were approximate y 
normal 

Shorn and pulled wools piaduced Table 16 shows the 
States production of shorn and pulled wools as In 

U S Department of Agriculture for the penod 1931-^3 
1936-40, when conditions of production were 
mal, the shorn wools averaged 362,000,000 pounds and pulleo 
65,000,000 pounds per year. -ols 

The percentages of production of farm- and 
and of all pulled wools by grades are combined in the total P , 
tion figure m Table 17 The yield of each type grown is sno 
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in Table 17 and is used to give total figures for clean scoured wool 
produced In 1936-40, the average annual production of farm-^horn 


TABLE 16 

RAW WOOL UNITED STATES PRODUCTION, 1931-45, IN 
MILLIONS OF POUNDS 


Year 

Shorn 

Pulled 

Total 

1931 

376 3 

661 

442 4 

1932 

3510 

671 

418 1 

1933 

374 2 

64 2 

438 4 

1934 

368 9 

60 5 

429 4 

1935 

361 5 

66 0 

427 5 

Average, 1931-35 

366 3 

64 8 

431 1 

1936 

352 9 

66 2 

419 1 

1937 

357 5 

66 2 

423 7 

1938 

361 2 

64 5 

425 7 

1939 

363 7 

64 5 

428 2 

1940 

374 6 

62 0 

436 6 

Average, 1936-40 

362 0 

647 

426 7 

1941 

390 6 

65 8 

456 4 

1942 

392 4 

66 7 

459 1 

1943 

384 4 

65 2 

449 6 

1944 

347 1 

710 

418 1 

1945 

3210 

66 0 

387 0 

Average, 1941-45 

367 1 

66 9 

434 0 


Source Estimates of U S Department of Agriculture 


wools was 91,000,000 pounds, as compared with 282,000,000 
pounds of range wools Because of relatively high scoured yields, 
averaging 51 per cent, the farm-grown wools had a scoured 
weight of 47,200,000 pounds, the range wools, with an aver- 
age scoured yield of 31 per cent, had a scoured weight of 
104,100,000 pounds Thus, although the weight of the range wools, 
as shown, was three times that of the farm wools, on tlie scoured 
basis the volume of the former was only about 2 % times as great 
as that of the latter The 65,000,000 pounds of pulled wools, with 
an average yield of 73 per cent, had a scoured weight of 47,600,000 
pounds The total annual production of 438,000,000 pounds of shorn 
and pulled wools, with an average yield of about 45 5 per cent, had 
a scoured weight of 198,900,000 pounds 
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About 9 per cent of tlic wools shorn in the farming region are 
half-bloods, as compared with J8 per cent in the range region In 
some of the more favorable range areas, particularly when lush 
summer feed is available for the production of fat market Iambs, the 
larger crossbred ewes, which produce half-blood wool, are preferred 
to fine-wmol ew'cs In the farming states, where conditions of pro- 
duction favor larger sheep and more emphasis on market lambs, 
most sheep raisers make a clean break from merinos and use chiefly 
medium-wooled types of ewes It is for this reason that three- 
eighths blood and quarter-blood wools predominate in the farming 
region In the range region comparative!; few areas have suf- 
ficiently good grazing during about half of the year to support 
medium-wooled crossbred ewes without too costly use of con- 
centrates Partly for this reason, three-eighths blood and quarter- 
blood wmols form only 12 and 4 per cent, respectively, of the 
range-shorn wools The percentage of quarter-blood wools is small 
chiefly because the crossbred ewes that grow it have been bred too 
far away from the merino to be well adapted to the western range 
country Low quarter-blood and coarser wools constitute only about 
1 per cent of the range production, the type of sheep that produces 
them not being adapted to range conditions The few such sheep in 
the range region are kept chiefly for the production of crossbred 
range breeding stock 

Comparative clean scoured yields of farm and range wools Fine 
wools in the farming region have an average clean scoured yield of 
38 per cent, as compared with 34 per cent in the range region, where 
the clip IS much heavier with earthy matter About fifteen years 
ago the difference was somewhat larger, but a rapid increase in 
the number of sheep (almost entirely fine wools) in Texas and a 
rapid growth in the use of fenced ranges (which result in cleaner 
fleeces) has raised the average scoured yield in Texas by several 
points and has raised the average for range-grown fine wools by 
about 1 per cent (See Table 18 ) There is also a 4 per cent dif- 
ference (44 compared with 40) in the yields of farm- and range- 
grown half-bloods In three-eighths bloods, however, there is a 
greater difference, the yield being 53 per cent for the farming and 
43 for the range region The respective yields of quarter-bloods in 
the two regions are 57 and 4S per cent The wide differences shown 
by these two grades result largely from the fact that most of the 
crossbred range sheep spend about 8 months of the ;ear on dusty, 
sparsely vegetated desert and semidesert grazing land, where their 
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relatively I^se fleeces become so burdened with silt and sand as 
to parti} offset their natural tendency toward a high clean yield 

n e farming regions, most of the sheep graze on well-grassed 
pastures. ® 

The diiterence between scoured jields of low quarter-blood and 
coarser wools is much less , these 3*ields are 58 per cent for the farm 
an 0 per cent for the range wrools Coarse-wooled sheep in the 
i^ge usual!}' are not grazed on dus^' range lands for long 

less foreign matter than 

Jiose of finer-wooled range stock. 


TABLE IS 


PERCENTAGE DISTRIBUTION OF RAW AND CLEAN 
SCOURED WOOLS. 1936-1940 



Fire 

Half- 

BIom 

Three- 

EighJhs Quarter- 
Blcad Blood 

Loa 

All 

Grades 

Production, by grades* 

Shorn * Fsurraing r^on 
Range region 



Production 



13 

65 

9 

IS 

3S 

12 

35 

s 

5 

1 

100 

100 

_ Average, shorn wools 

Pulled 

52 

26 

16 

II 

IS 

37 

12 

21 

2 

5 

100 

100 

Average- Shorn and pulled 
grease 

49 

15 

21 

13 

2 

100 

Shorn and pulled 
scoured 

39 

14 

26 

IS 

3 

100 

Average clean secured juelds 
Shorn. * Fanning region 
Range region 



Clean Scoured Yields 


38 

34 

44 

40 

S3 

43 

57 

48 

58 

54 

51 

37 

Average^ all ^om t 

Pulled 

34 

60 

.40 

70 

4S 

77 

53 

82 

56 

84 

40 to 41 

73 

Average, shorn and pulled 

36 

44 

56 

61 

64 

45 to 46 


* is® sho-n, i g-eas« basis. 

I io tae nearest amt percsrtage. 

Sioorce. U. S Tang Oimauss on, compiled from trade data. 
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Vicld of fulled Tcoo/'f Bcfoic ‘iliccp pells arc treated to loosen 
the fibers, they arc washed and usually well brushed A large part 
of the foreign matter present in the wool is thus removed bpfore 
pulling tabes place. As a result, the estimated clean scoured yield 
ranges from an ascrage of CO per cent for fine to 84 per cent for 
low quarter-blood and coaiser 

The clean scoured production of each grade is also shown as a 
percentage of the total IJocaiise of differences in yields of the vari- 
ous grades, there is a sinking difference betw'een the relationship of 
the grades in the grease and of the grades on the scoured basis Fine 
wools amount to 49 per cent of the total production in the grease, 
but to only about 39 per cent on the scoured basis There is little 
change for half-bloods, but three-eighths bloods amount to 21 per 
cent of the total in the grease and to 26 per cent on the scoured 
basis. Quarter-bloods amount to 13 and 17 6 per cent and low wools 
to 2 and 3 2 per cent, respectively, on the two bases 
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W OOL IS one of the major, important commodities of world 
commerce In the early days virtually every family produced 
sufficient wool to meet its own needs There was, therefore, 
little or no marketing of wool. With the division of labor, how- 
ever, and the concentration of population m the cities there came 
the demand for specialization in wool production. 

Separating the center of production from that of consumption 
gives rise to marketing Generally speaking, the farther apart these 
two points are from each other the more complicated marketing 
becomes Wool generally can be produced more cheaply in regions 
that are undeveloped agriculturally Because of its relatively high 
value per pound wool can be transported long distances and still 
yield a profit to the producer Because of these facts wool produc- 
tion has been mostly a frontier enterprise Wool consumption, on 
the other hand, is greater the more densely populated the region 
For these reasons it is probable that wool is transported over longer 
distances than any other important commodity 


INTERNATIONAL TRADE IN WOOL 

Nearly two-thirds of the world’s present supply of wool is pro- 
duced in the Southern Hemisphere On the other hand, the ffreatw 
part of the wool produced is consumed in the more densely populated 
Northern Hemisphere The five leading countries in the exportation 
of wool are Australia, Argentina, New Zealand, British South Afnca, 
and Uruguay, in the order named 
The leading wool-importing countries are the United Kingdonii 
France, Germany, United States, Belgium, and Japan The 
Kingdom and the United States are both heavy producers and large 
importers of wool British India exports considerable quantities o^ 
wool, mainly carpet wools It imports, however, nearly as much as 
exports, most of the imported wool being used for clothing purpose 
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Prewar Distnbution of Wool Exports 

Studies of the prewar dislrilnilion of wool exports made by Gerda 
Blau’ rc\cal the following data • 

The pattern of the dislniuition of shipments from the five chief 
exporting cotintnes during the mtenvar period is shown in Table 1 
The figures reveal the predominant share of exports sent to the 
United Kingdom and to the European Continent, which together 
amounted to SO per cent in 1931-38, and more than 80 per cent in 
the preceding periods The categorj' "Rest of Europe" includes a 
large number of different countries of destination, the most impor- 
tant being Italy, Chechoslovakia, Poland, Switzerland, and some of 
the Scandinavian countries 

The differences between the percentage figures shown for the United 
Kingdom in Table 1 indicate the importance of the United^ Kingdom 
entrepot (bonded warehouse) trade in wool. Even on the "reteined" 
basis, how'cvcr, the United Kingdom remained the largest individual 


TABLE i 

DISTRIBUTION OP WOOL SHIPMENTS (GREASE BASIS) FROM THE 
FIVE CHIEF EXPORTING COUNTRIES, 1909-13 to 1934-38 


From Fire Chttf 
Exporting Countries 

Co 

mihts 

Ptr 

Milltonz Cent of 
Lb Total 

Oreasy Bxportz 

iBU-ta 

Per 

Mtllions Cent of 
lb ToM 

Oreasy Exports 

tBSBSS 

Per 

Mtlhons Cent of 
lb Total 

Oreasy Expons 

IBSfr-SS 

Per 

Mtlhons Cent of 
lb Total 

Oreasy Exports 

United Ktnrdotn 
(retained) 

385 

26 6 

398 

24 5 

435 

23 2 

488 

26 6 

France 

329 

22 8 

376 

23 1 

397 

21 1 

325 

17 8 

Bcletum 

176 

121 

167 

10 3 

225 

11 9 

225 

12 3 

Germany 

345 

23 9 

303 

18 6 

365 

19 4 

206 

11 3 

Feat of Europe 

46 

3 2 

118 

73 

184 

98 

219 

12 0 

Total of Europe 
(excl USSR) 

1,281 

88 6 

1,362 

83 8 

1,606 

85 4 

1,463 


United States 

128 

89 

152 

93 

77 

41 

115 

63 

Japan 

11 

08 

79 

49 

174 

92 

187 

10 2 

Others 

24 

1 7 

32 

20 

25 

1 3 

64 

3 5 

Total 

1.444 

100 0 

1,625 

100 0 

1,882 

100 0 

1,829 


United Kingdom 
(gross import) 

593 

41 1 

613 

37 7 

694 

36 9 

690 

37 7 

^Source G Blau. Wool tn 

World Economy, 

Pari in 

, Royal Statistical Soc, 1946 
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importer At the same time, the respective percentage shares of 
the three chief Continental consumers — France, Belgium, and Ger- 
many — showed a declining tendency, which was especially marked 
m Germany during the period of economic totalitarianism from the 
early thirties onward. This declme was only partly balanced by 
an increase m the share taken up by “Rest of Europe ” 

The emergence of Japan as an important wool consumer after 
the end of World War I is very marked This was most felt in 
the Australian market, where Japan's share of Australian 'exports 
rose from 2 per cent in 1909-13 to 18 per cent in 1929-33 and main- 
tained an ^erage of IS per cent during the 1934-38 period 
United States imports of wool were characterized by very sharp 
_ fluctuations, both in total amount and by individual countries. For 
instance, American imports of Australian wool rose from 9 5 mil" 
hon pounds actual weight in 1935, to 32 million in 1936, to 69 
mi^on in 1937, and then fell again to 6 5 million in 1938 

Ine erratic changes in United States consumption of foreign 
fhe interwar period were due partly to the effects 
of the American wool tariff, which restricted imports to the vary- 
ing margins between total demand and domestic supply The pre- 


TABLE 2 

WOOL EXPORTS FROM FIVE SOUTHERN HEMISPHERE COUNTRIES, 
ACTUAL WEIGHT, AVERAGE 1934r-38, ANNUAL 1939-45 

/T_ f« « « 


Kear 

Atts 

traha 

New Zealand 

Unton of 
South Africa 

Argentina 

Uruguay 

To 

US 

Total 

To 

US 

Total 

To 

US 

Total 

To 

US 

Total 

To 

US 

Total 

A\ erage 
1934-38 

1939 

1940 

1941 

1942 

1943 

1944 
1045t 

26 

17 

278 

558 

’48 

262 

260 

340 

827 

862 

537 

816 

557 

509 

562 

775 

15 

14 

3 

14 

15 
27 
33 

116 

263 

277 

199 

205 

209 

244 

123t 

349 

2 

37 
29 

199 

38 
20 
21 

129t 

231 

181 

60 

288 

100 

52 

88 

300 

53 

137 

349 

220 

153 

J09 

199 

360 

305 

282 

418 

243 

178 

225 

266 

520 

15 

37 

120 

43 

98 

100 

174 

100 

1 

115 

106 

145 

58 

105 

no 

204 

160 


Total 


US 


111 

242 

779 

1,034 

652 

608 

687 

1.045 


To oil 
Court’ 
tfiet 


1,708 

1>S9 

ijsio 

1,149 

1,140 

2,194 


cur Jui; 

Argentina and Uruguay 
t Declared exports to the United States , , sources bf 

Preliminary estimates based on incomplete statistics Compiled from official su 
Office of Toreign Agricultural Relations « , ,gd6 P 

Source U S Dept of Agriculture, Livestock and Wool SttuoUon. Oct. IS'’®* 
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war domestic wool clip showed a fairly steady average of about 
430 million pounds per annum, and was generally absorbed in the 
internal market year by year Hence, a moderate increase or de- 
ciease m American consumption caused a relatively heavy rise or 
fall in the size of imports 

During the World War II period, the United States became the 
most important buyer of Southern Hemisphere wools, a position 
which It has held continuously since 1940 Wool exports from the 
five Southern Hemisphere countries to the United States and the 
rest of the world are shown in Table 2 In the 1945-46 season, 
shipments to the United States, including both apparel and carpet 
wools consisted of about 1045 million pounds, amounting to almost 
half the total shipments from the five countries Compared with 
the 1934-38 average, these shipments are almost ten times as large 


Marketing Wool in the United States 

The leading wool market of this countiy and the second largest 
wool market of the world is Boston Receipts of foreign and do- 
mestic wool at Boston amount to 300 million to 400 million pounds 


POUNDS 



Fiff 1 Wool, combine and clothing Production, net imports and consumption. 

US, 1900-1936 
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APPAREL WOOL IN THE UNITED STATES, 
CALENDAR YEARS, 1935-46 


POUNDS 

(lllllONS) ^ 

3 
2 
1 
0 

POUNDS 
(MIUIONS) |_ 


T 1 1 1 I 

TOTAL SUPPLY, GREASE BASIS, 

1 • 



_l , , ^ 

MILL CONSUMPTION BY PLACE OF 



U SELLING PRICE OF DOMESTIC AND OF -j 
FOREIGN FINE WOOLS, SCOURED 
BASIS, AT BOSTON 



1935 1937 1939 1941 1943 1945 1947 

Fig 2 Source Bur of Agricultural Econ , U S Dept of Agriculture 


per year. Boston handles approximately 75 per cent ot the 
wool and occasionally as high as 75 per cent of the imported 
Other cities important as wool markets are Philadelphia, which “ 
considerable quantities of domestic and foreign wools, and j^es- 
which receives large amounts of imported wools The and 

tic production, neb imports, and estimate consumption of cornbing 
clothing wools for 1900 to 1936 are illustrated in Fig- 1. The to* 
ply, mill consumption, and selling prices of domestit and toregi 
parel wools for 1935 to 1946 are shown in Fig 2 fUnds by 

There are, according to J F Walker,^ three mam met 
which the wool clip of the world is marketed today . 


^In the "Golden Hoof," Sheep Breeder, 1936 
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1. Direct buying or speculative buying 

2 G)-operative marketing through private sales 

3 Auction selling by open competitive bidding 

In the United States practically the entire clip is marketed by 
the first two methods Approximately 70 per cent of wool is sold 
through direct buying The methods of marketing have changed 
somewhat from time to time and there are also some variations in 
different parts of the countiy However, the general plan of market- 
ing does not differ materially from fiiat in use m the early days 
The more important agencies mvolved in gettmg the wool from 
the producer to the consumer are. the country buyer, the countiy 
assembler, the central-market dealer, the commission merchant, the 
broker and the manufacturer. 



Figr 3 Intensity of wool production in the United States Courtesy USDA 


In the farm states, which include the central and eastern states, 
the country buyer gathers up lots of wool and either sells them to 
some merchant m town or stores the wool in his own warehouse 
The farms have, on the average, approximately fifty head of sheep, 
bift the number may vary from three up to 2500 head, which is 
considered quite large. TTie central-market dealer sends his agents 
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Se woni f or farmer-owned warehouses to buy 

some then shipped to 

anH fin ^^sis of mill require- 

ments and finally sold to the manufacturers 


secure ‘"‘"“"‘'■y "merchant will, at times, 

necessities The local purchaser 
ina^uD thJ wnof °if peddler, who goes around the countiy, buy- 
out merchant^ °"^n merchandise Numer- 

also m otw specialize not only in wool, but 

cattle or cwinfi particular state such as furs, 

'mav have af tim from the country buyer and 

Sell tothe secured such large amounts of wool that they 
ChSao as Tl? ^n Boston, Philadelphia, St Louis, and 

are uf^aded fL ^®ny times these wools 

rnstancS the wobl “as is" In other 

m the fine anH graded in three classes fine, taking 

and coarser wnnie » medium, containing tlie three-eighths 

which have a 1° ^ rejects, consisting of faulty fleeces, or those 
‘Sedv " of thei? color. “Buriy," 

“black ” “hrntxrn”’ c^oscIy matted fleeces and those that are 
oiack, brown or “gray” in color are all classed as “rejections" 


Sian their marketing is that in which the growers con- 

aJvances amntmf? '’^°°^''''^^cehouse companies They usually obtain 
tlieir wool ^ certain percentage of the market price of 

for insnprtmn J^^rehouse company grades the wool and holds it 
the SSot^P purchase by the broker or mill agent At times, 
less anv arlvatir^TP^l^y remit to the grower the price obtained 
alreadv^advflnrpH^* made, interest on money 

carrying ’ ^ certain charge per pound for grading and 


fJ western wool grown in the range states is quite 

faim-lock states The 


wnnT^;.;C:.* mat grown in the farm-flock states me 

Tr directly to the shearing shed 

or warehouse of the. wnni j .1 y , yjiis 


r>r „ r Ti — «»v« agents oirectiy to me snearmg 

hiivI^ T^o of the wool grower during the shearing season This 
buyer may be a local man living in the range slate all year around, 
?Li ^ man sent directly from Boston In the first instance, 

ocal buyer works on commission, which runs usually ^ to 2 
cents a pound on wools purchased, whereas the Boston man is nor- 
liy paid a salary and his traveling expenses Some eastern wool 
ro ers go west with purchasing orders from different merchants 
or mills to purchase specified quantities of various types of wool 
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This IS done especially by larger miUs, which desire to purchase in 
advance wool suitable for sale requirements, and in such cases the 
buying broker charges Yz cent per pound for purchasing He pays 
the grower by drafts and attends also to the shipping In some 
years, especially when higher prices are anticipated, tlie sale of the 
clip IS contracted weeks or months before shearing The contract 
normally provides an advance payment to the grower. 

This system of buying the wool off-the-sheep's-back is now gen- 
erally considered unbusiness-like, because it is too much of a gamble 
If the wool declines in price, the wool grower makes a good profit 
On the other hand, if the price has advanced before or after shear- 
ing, he may lose large sums of money The wool grower gambles 
that prices will be lower, whereas the purchaser gambles that prices 
will be higher 

In dealing directly with the wool grower, the w’ool buyers some- 
times offer the grower their bids under seal and each ranchman or 
group of ranchmen reserves the right to accept or reject any or all 
bids Much wool from the ranches is also consigned to commission 
houses in large wool centers, most of it going to Boston, Philadel- 
phia, Chicago, and St Louis and other Missouri n\cr points. From 
the Washington-Oregon-Idaho district, consigned wool goes to Port- 
land, Oregon. 

The idea of co-operative marketing has taken hold in wool mar- 
keting In 1918 the w'ool clip of tlie United States w-as comnnn- 
deered as a war measure In this act provisions were m.idc for fi'^ed 
wool prices as well as fixed commissions for the wool dealers In 
order to secure the price for their wool that the government In-1 
fixed, a croup of Ohio men organized the Ohio Wool Grow ers Co- 
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systems have been tried, ranging from very simple and temporary 
organizations handling sealed bids that are accepted or rejected by 
the sales committee, to permanent, incorporated organizations serv- 
ing in the capacity of commission houses and dealing on the basis of 
binding, legal contracts with the growers The largest co-operative 
enterprise is the National Wool Marketing Corporation, founded 
in 1929 at Boston, Mass The total volume of wool handled by its 
members varied from 116 million pounds in 1930 to 31 million 
pounds in 1935, according to Bulletin 3 of the Farm Credit Admin- 
istration The results of some of the co-operative selling indicate 
that It helps to make competition among buyers even more keen 
and that it facilitates business-hke transactions The main principle 
IS to sell wool of such qualities as the market will absorb, this 
principle alleviates to a certain degree heavy overloading and seri- 
ous depressing of the market Up to World War II this co-operative 
wool organization handled annually from IS to 30 per cent of the 
domestic clip 

A striking peculiarity of the wool market of United States is 



Fig 4 
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the fact that, although from 550 million pounds to 750 million pounds 
of wool with a total valuation ranging from $112,000,000 to $350,- 
000,000 arc handled annually, there is no established public ^market 
for this important commodity Practically all of this vast quantity 
of wool is bought and sold by private agreement Another pecu- 
liarity IS Oiat while there is no open public or auction market a very 
large proportion of the wool passes through two or three leading 
centers. In other words, the marketing of wool is probably more 
concentrated than that of any other important commodity 
Recently efforts have been made to establish auction marketing 
for wool in the United States Some marketing efforts in the last 
forty years have been advertised as auctions, but, in reality, they 
were merely scaled-bid sales In 1900 a first attempt was made in 
New York City In 1916 the Philadelphia Wool Auction was or- 
ganized but was unable to have a single sale because of the war 
At the close of World War I, the United States government, which 
had found it necessary during the war to take over the entire wool 
clip, and also importations and options on importations, had in its 
possession 460 million pounds of wool It was decided that the 
fairest method of disposal would be by auction The first sale, which 
was held December 18, 1918, was followed by others at intervals 
during the next three years, so as to interfere as little as possible 
with the marketing of the domestic clips The final sale was held 
March 2, 1922 

Many times since these government wool auctions, the advisability 
of selling their wool by auction has been discussed by various groups 
of growers In order to get information about auction procedures in 
other wool-growing countries, J F Walker was sent to Australia, 
New Zealand, and South Africa in 1927-28 by die United States 
Department of Agriculture A bulletm on this study was published 
in June 1929 

In 1934, at Ogden, Utah, a private concern held the first of the 
present day auctions This same concern, m 1936, opened auctions 
at Denver and, in 1940, at Billings and Miles City, Montana, and at 
Boston Auctions were held by a private individual in 1939-40 at 
San Angelo, Texas, and a co-operative opened auctions at Portland, 
Oregon, and at Stockton, California, in 1940 In 1940, ten auctions 
were held in seven states 

Wool auctions have made a slow but steady growth In 1935, 
the auctions handled 2 7 per cent of the total production of their 
areas and in 1940, this percentage increased to 7 7 Earlier figures 
are not available 
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The wool offerings at all sen'es of sales at any one point from 
1934 through 1940 varied from a low of 428,000 pounds to a high 
of 6,500,000 pounds with a total of 54,341,000 pounds offered. Of 
this, Si per cent or 27,453,000 pounds were sold The percentage 
of the amount offered which was sold at the various sales ranged 
from 94 per cent to 94 per cent. 


Marketing Wool in Other Countries 

The marketing method prevailing in other countries is by auction 
in open competitive bidding England first introduced this method 
and It was natural that her colonies followed her example At first, 
the wools were all moved to the consumption centers, but as the 
production grew larger, selling of wools at their point of origin was 
begun London has been displaced as the greatest wool marketing 
center of the world by Sydney, Australia, with Boston and Buenos 
Aires following in that order All wool sold by this method is nor- 
mally carefully classed and baled at the farm Each bale is marked 
according to the quality of wool it contains. The wool is then con- 
signed to brokerage houses which will take care of the selling at 
the auction places These houses do not buy or sell wool on their 
own account but do business on a strictly commission basis 


London Wool Auctions 

The London auction sales were for many years the price ba- 
rometer of wools used in the manufacture of clothmg They are 
held six times a year, that is, every two months During the 

auction sale a limited number of bales (from 10^ 
to 12^00) is offered in large well-lighted warehouses In Lond(^ 
pch bale of every lot, which may run from 2 or 3 bales up to 
Mies, IS' opened at the top for inspection and drawing of samples 
Printed catalogues are provided previous to the day of sale whicn 
give for every lot the clip marks, the classification and the grade, 
the number of bales, and other descriptions marked on the bale 
Through long experience the buyer is able from the details giv^ 
in the catalogue to select the lots in which he is most interesteo. 
The next morning as soon as the warehouse opens he examines the 
lots that he has marked m his catalogue Based on his visual 
amination he will make notations in his catalogue as to the value 
of the lots and his desire to bid on this wool He is guided m ms 
judgment by type samples which have been furnished him by tn 


Wool Marketing in Australia and New Zealand 

The Australian inarKet is operated on the same j'"csjis the 
l^indon market The. farmer usually consigns the ^hp to woo* 
brokers in S>clncy. Melbourne, Brisbane, ° t.,, 

broker holds no contract with the grower for the ^ckvc^ of h s 
wool cxcent as he may have a claim to it on money advanced This 
holds mi?for the co-operatives as well U"der these conddjons the 
grower IS at liberty to consign Ins wool to 

thinks IS able to give him the best service or net him the greates 

return for his wool , j u „ 

The wool house does a strict brokerage business and buys no 

It: ttitz - .1 

conjunction with the Australian Wool , 

sho^“flo’?Stcrpi$ragSn ?«Urs /with lusucance 
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Fig S Dalgety’s show sales room, Melbourne, Australia 


In contrast to the London practice, only a certain percentage oi 
each lot offered for sale is opened and displayed on the show 
in the warehouses In 5 to 10 bale lots, 3 bales are shown; 20 per 
cent of lots of 10 or under 20 bales, IS per cent of lots of 20 bale 
or over and under 100 bales; and 10 per cent of lots of 100 o 
over These bales are drawn at random to represent as fairly 
possible the entire lot (Fig. 5 ) 

These stores are normally open from 6 o’clock in the 
Two brokers’ catalogues are offered daily, containing a combmeo 
offering of not more than 12,000 bales, the limit per day 
must begin very early if they wish to view all the wool offered, a 
the auction starts punctually at 3 o’clock in the wool exchange 
To place an order to purchase a certain amount of a known gra 
of wool in Australia, a concern or mill in the United States wou 
first go to the various Boston representatives of die 
wool bmers After selecting the grade desired they send a ca 
giving the number of bales desired, and the limit they will pay 
the basis of C & F Boston (whibh means Cost and 
livered in Boston) The buyer m Australia at the auctions 
the wools at a price which includes tlie charges for 
the wool and loading it onto the boat, plus the cost of i-js 

tion The concern or mill, however, must pay the insurance 
otherwise specified. Due to the fact that the premium va 
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Fig 6 Wool auction at ^^clbournc, Australia Cotirlesy Textile Journal 

of Auslralta 


cording to the boat on which the wool is shipped, the cost cannot 

be estimated previous to purchasing 

When an order has been executed, a letter of credit, in pounds ster- 
ling, IS drawn on a London bank, because L^don is the bank center 
for all wool purchases made in Australia Original weights are al- 
ways taken The only time the wool is weighed is when the Aus- 
tralian grower ships it to the warehouse of his selling broker or 
house It IS not reweighed when shipped to the concern or null 
The mill or the broker reweighs the bales after they have been re- 
ceived and should there be a significant error in the invoice or original 
weights, the concern or mill will make a claim to the local representa- 
tive who will forward the claim and secure an adjustment ^ 

In New Zealand the wool is sold in the same manner as in Aus- 
traha Six auction sales are held during November and December 
IrWellington^ Christchurch, Nelson. Timaru, and Iver- 

cargill 

Wool Marketing in South America 

T Amfriran markets the mills or wool brokers pur- 

sundar to thoae of Aust«I«, 
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although no auctions are held m Argentina or Uruguay The wools 
are purchased by large packers or merchants who do their own 
grading or classing Many times the clips are consigned to brokers, 
who grade or classify the wool and offer it for sale direct to dealers 
and mills all over the world Types of various broker’s wool, as 
they classify it, are m the hands of their representatives in the 
United States and m Europe Cables are sent to the various repre- 
sentatives giving the number of bales of certain grades they can 
offer, the estimated yield, and the price desired in the grease, the 
terms being C LF,,^which-mean5 costrinsuran,ce„and.freight.pEepaid 
to Boston, London, Antwerp, or wherever the cable is sent 


TABLE 3 

EXPORT OF MAIN SOUTH AMERICAN WOOLS 


ARGENTINE SHIPMENTS 



Average 

1935-39 

Bales 

1940 

Bales 

1941 

Bales 

1949 

Bales 

1943 

Bales 

United States 
Continent 

United Kingdom 
Various 

74,264 

145,940 

88,306 

23,426 

363,916 

23,649 

9,005 

40,954 

225,556 

7,239 

2,486 

17,956 

131,000 

5,500 

13,500 

214,218 

38,100 


331,936 

437,524 

253,237 


252,318 


Average weight of bales 980 pounds 


URUGUAYAN SHIPMENTS 



Average 

1935-39 

Bales 

1940 

Bales 

ml 

Bales 

1949 

Bales 

ms 

Bales_ 

United States 
Continent 

United Kingdom 
Various 

20,760 

62,487 

15,770 

12,008 

118,038 

12,008 

13,159 

48,967 

17,026 

6,815 

6 

96,300 

4,500 

2,800 

98,955 

9,466 

Total exports 

111,025 

143,205 

72,814 

103.600 

108,4^ 


Average weight of bales 970 pounds 


PERCENTAGE OF SHIPMENTS TO THE UNITED STATES_ __ 

1935-S9 1940-43 

Argentina 22 4 I * 

Uruguay 18 7 S't 6 ^ 

Source Dalgety's Annuat Wool Reticzv for Australia and New Zealand, 1944 4S. P 
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.ic fht’> icrrjvc n cable from 
;c«r pnncijnh /nxl jjjijr- |(f(’<:pccii\c customers a letter 

*’•*'**' eablr. .it.tf tiu** tui.ufari?c tbc particulars of 

Ujpir CMcrintjs A c\i\u\tnr'' t*\ t!.i *• m oUi r on a quantity of the par- 
ticular u<vq },r ilr'trr^, ami if the ofiti is accepted the wool is 
shinned ^r credit from a local bank in dollars is secured 

the mofi important wonl-marlitlm/r centers of South America 
Hutnns Aires for Arcentun, and Montevideo for Uruguay The 
^ool season in South America is calculated as from the first of 
Uctoner to the thirtieth of September From 1928-1934, the average 
cAjiort from Argentina amounted to 346,958 hales, whereas for the 
'■‘me period oi time the shipments from Uruguay were 116,640 
hales, according to Daiqrt^'s Atmual Wool Review For the five 
seasons from 1935-39. the 'total export for Argentina was 331,936 
hales and for Uruguav. 111,025 bales Table 3 shows export figures 
for the World War fl period (1910-43). In considering these fig- 
Ures, it must |>c borne in mind that the South American bale is 
jlircc limes as heavy as the Australian bale Tbc total export would 
be approvimalcly equal to 1.390.794 bales of Australian proportion 


Wool Marketing m South Africa 

In South Africa modern mctliods of wool selling have developed, 
largely from about 1920 on, almost coincidental with the better- 
ment of the wool production Previous to this hm® me bouth 
African dip was purchased the North American way through specu- 
lative buyers or local merchants, who financed the farmer through 
the year and took Ins wool m payment of his debt. For many years 
the wool prices were stabilized for the/armer at about 15 cents per 
pound Government control during 

wool prices brought decisive changes m this old method of wool 
selling. In 1927 about 90 to 95 per cent of Ae wool of the Union of 
South Africa was handled on a brokerage basis for the account of 
the producer or through his own co-operative associations The 
four mam wool marketing places are East London, Durban, Port 
Elizabeth S Capetown^ The methods of marketing vaiy some- 
what in diff^rlnrcSe^^^ to minor details, but in the mam they 
are siSlS Each wool center maintains an orpnization of brokers 
for cSrolIi^ wool movements and paces in Aat particular market 
The woof growers have no organization but their interests are rep- 
resenTed to ntrtam extent by the brokers, whose local orgamza- 
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tions enter into agreements with the bu} ers as to terms of sale, 
quantities offered and withdrawals Tlic most rapidly growing wool 
center is Durban, where strict rules covering wool selling are en- 
forced by the Durban Wool Brokers' Association Weekly sales are 
held there beginning in November and ending early in April In 
Capetown and Port Elizabeth some wool is purchased through 
private agreement between the buyer and the broker. At East Lon- 
don, the bulk of the wool is disposed of through private agreements 
There is no agreement to prevent buyers from obtaining wool direct 
from growers or store keepers, except at Durban In the field of co- 
operative marketing, considerable headway is being made in the 
Union and several co-operative wool-marketing organizations are 
now in operation These co-operative organizations operate on a 
^ brokerage basis. 


Other European Wool Markets 

Other important wool-marketing places are: Liverpool, which 
cf carpet wools, such as wool from India and alpaca from 
bouth America The Liverpool sales are auction sales conducted in 
e same m^ner as in London The most important Continental 
centers are Antwerp, Hamburg, Bremen, Le Havre, and Marseilles 
o(^tn American wools are marketed at Antwerp, whereas m the 
other cihes wools have been purchased by dealers in the country of 
ori^n European countries are heavy buyers of scoured wool, espe- 
.y ^^°®^^^stralia Large quantities of wool known as off -sorts, 
which are obtained by skirting, are graded and scoured in the country 
As these wools have an exceedingly heavy shrinkage, a 
considerable saving is made on transportation charges and they can 
be prwented for sale in a more attractive condition than would be the 
case if they were offered in the original greasy condition 


WOOL CONTROL DURING WORLD WAR II 


United States Wool in World War II 

Domestic wool growers began to campaign early in 1942 for the 
federal government to purchase the entire domestic wool clip at 
ceiling prices established by the Office of Price Administration In 
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F^ruary 1942 specific dollars-and-cents ceiling prices were estab- 
lished for domestic wools These ceiling prices were substantially 
higher grade for grade, than the duty-paid prices of imported wools 
It was apparent that if domestic wools were held for ceiling prices 
their use would eventually be restricted to government business 

TABLE 4 

COMMODITY CREDIT CORPORATION PURCHASE PRICES AND 
SELLING PRICES FOR SELECTED GRADES OP DOMESTIC WOOL 
(SCOURED BASIS), 1946 


Selltng Price 


Effective Effective 
Purchase Beginning Beginning 
Grade Price Aug^tB October 14 


Territory Wools 
64s and finer 
Strictly staple 

Average to good French combing 
Half-blood 

Good French combing 60s or finer 
Staple, bulk 60s 
Three-eighths blood 
Strictly staple 58s-S6s 
Good French combing S6s 
Quarter-blood 
Staple SOs 
St^le48s-50s 
Low Quarter-blood 
44s-48s 

Bnght and Semibnght Fleece Wools 
64s and finer 

Staple and big French combmg 
Average to good French combing, bright 
Average to good French combing, semi- 
bnght 
Half-blood 
Staple 60s-S8s 
Short French combing 
Three-eighths blood 
Staple 56s-58s 

Short French combing S6s-58s 
Quarter-blood 
Staple S0sr-48s 
Low quarter-blood 
44s-48s 


$1 21 

$1 02 

$1 07 

1 18-1 19 

100 

103 

1 17 

0 97 

103 

1 16 

0 97 

0 98 

109 

0 92 

0 96 

104 

0 90 

0 92 

100 

0 87 

0 90 

0 96 

0 87 

0 88 

0 93 

0 75 

0 80 

121 

104 

109 

1 15-1 17 

0 97 

101 

1 15-1 17 

0 97 

0 97 

1 14 

0 97 

0 97 

1 10 

0 92 

090 

1 04 

090 

0 93 

100 

0 82 

0 86 

0 96 

0 87 

0 87 

090 

0 72 

0 72 


Source Compiled from Production and Marketms Ad-nmittration. pnee rehedule* 
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Confronted by these prospects, and fearful of a repetition o» 
the sharp drop m wool prices which occurred after the dose o 
World War I, wool growers appealed to the government to pur- 
chase the entire domestic dip at ceilmg pnces for the duration Oi 
the war and for two }-ears tixereafter. As a result the Defai^e^ 
of Agriculture took over the 1943 domestic dip together with sucn 
part of the 1942 dip as remained in tlie hands of the growei^ 

The War Food Administration issued Food Distribution 
50, which provided that with certain exceptions aU domestic woo 
not sold before April 25, 1943, must be sold to or for the 
of the Commodit}* Credit Corporation. The C.C.C. purchase 
000,000 pounds of domestic wool in 1943. Resales 
amounted to 52,000, (X)0 pounds, leaving unsold stocks of g. 

pounds at the end of 1943. Since onl}* the government was ^ ® 
to pay the premiums necessary to obtain fabrics made from 
mestic wool the government was substantial!)' the only^ custom • 
From the beginning of the program imtil August l9-rO, sme 
domestic wool to the Coiporation was mandator)', 
ceptions After restrictions were lifted, wool contmued to 
largely to C C.C because its purchase prices were higher. ^ 
Sales of domestic wool u ere largely for militai)’ orders 
first two and a half years of the program. Little M-ye 

was purchased for civilian use because imported wool was 
at much lower prices Sales in each season were much 
purchases ^d consequently large stories accumulated, 
sales for civilian use increased after selling prices were re 
in November 1945 After the end of the war, much 
brought on the government agencies to turn the wool 4 bv 

to priTOte enterprise. The government j-ielded to this dema 
setting a final deadline for April 15, 1947. On August lo, 
wool price support bill (S. 1498) went into effect aumoi^ 

C.C C to purchase the domestic wool clip until DecemoEr » 


British Empire Wool in World War 

Control of die British Empire supplies of apparel '' 

World War II was organized mudi more quickly ^ * ftef ihf 
stringent lines than during World War I. Two conclosa^, 
outbreak of war, the British government announced th ^criaa® 
of agreements to purchase the entire Australian and iN 

SQ Blau, If'cai Uiffest oj tre Int If’ccl Seereiarist, June ir, 19<6t PP- 


Marketing of Wool 


367 


wool clips for the duration of the war and one wool year thereafter 
Six weeks later, an agreement with the South African government 
was concluded 

With the purchase of the Dominions’ clips, the British govern- 
ment had become the sole importer of these wools, and United 
Kingdom imports from South America were also brought under 
government control The London wool auctions were discontinued 
immediately after the outbreak of war and the normal functions of 
private importers and biokers ceased Practically all processing up 
to and including combing was done for the Wool Control on a 
commission basis In the case of all government contracts, qualities 
were specified by the Control In regard to other requirements, 
manufacturers were given a limited right of selection but the range 
of available raw materials for civilian uses was largely determined 
by military priorities and by the shipping situation, which made it 
essential to give preference to shipments of wools with high clean 
yields 

South American wools continued to be sold in a free market with 
the United States being by far the largest buyer throughout the war 
period 


World Consumption during World War II 

The wartime rate of American wool consumption rose to the all- 
time record of around 1000 million pounds grease basis per annum 
Consumption in Australia, Argentina, and India also increased 
considerably The higher rate of consumption of these countries was, 
however, far from sufficient to make up for the loss of markets on 
the European Continent and, from the end of 1941 onward, in 
Japan Wartime civilian supplies in the United Kingdom were re- 
duced to about 35 per cent of the prewar level and the over-all rate 
of United Kingdom wartime consumption was about one-quarter 
below prewar 

On balance, world consumption during the war could only absorb 
about two-thirds of current supplies from the five mam exporting 
countries, which meant that by the summer of 1945, i e , after nearly 
Six years of war, the accumulation of stocks in the Dominions and 
the South American countries had reached a total equal to about 
two years’ supply. 

In view of this vast accumulation of stocks, the governments of 
the United Kingdom and of the dominions of Australia, New Zea- 
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land, and South Africa decided that the time had come for co- 
ordinated plans for postwar disposals At an intergovernmental con- 
ference held in London in April and May 1945, agreement was 
reached on a new Empire marketing scheme 

The stock of all Dominion-grown wool owned by the United 
Kingdom government on July 31, 1945, was transferred to the joint 
ownership of the United Kingdom government and the three Do- 
minion governments concerned, and a Joint Disposals Organization 
was set up for the purpose of buying, holding and selling wool 
on behalf of the four governments 

World stocks of apparel wool at the beginning of the 1946-47 
export season, estimated at about 5 billion pounds grease basis, 
were about three times the normal prewar stocks Stocks of 
tralian. New Zealand, and South African wool held by the Britis 
Joint Organization on June 30, 1946, totaled about 2,150 million 
pounds grease basis — man}' times larger than prewar average 
carry-over of the British Dominions and larger than the current an- 
nual production of those countries Large privately-owned stocks 
were held m Argentina. 

In the United States, mill and dealer stocks of domestic 
ported apparel wool and stock held by the Commodity Credit tor- 
poration on September 28, 1946, were estimated at 1000 mil 
pounds grease basis against a prewar average stock (1935-3y) 

287 million pounds , 

In interwar years, world production and consumption of ^oo 
were about in balance Changes in demand were largely 
in sharp fluctuations in price World consumption of ^PP®J“-tQ 34 - 
in the year ended June 30, 1946, probably was about up to the 
38 average consumption and was about equal to world 
As no reduction in world production is anticipated, jj 

the wool surplus must be achieved by expanding world ^ 

Any prospective increase in wool consumption in the postwar y ^ 
will most likely occur in Europe as rehabilitation gj 

prewar years Europe was the world’s largest wool consuming . 
Continental Europe took one-half of world imports of Jom 

in 1934-38 and an additional one-third went to the United jjji- 
A sustained increase in consumption will depend upon v gQ^n- 
provement of purchasing power, particularly in low „j.,ccs 

tries, (2) expansion of prewar outlets, and (3) 
for wool in relation to other textile fibers Wool will face 
competition from synthetic fibers, which have been mucli F 
and have been reduced in price compared with prewar pn 
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more scvci e should consumer purchasing power 


AMERICAN DUTY ON FOREIGN WOOLS 

foreign wools the American wool merchant or mill has 
to take into consideration the duty on foreign wools as levied by 
c t. States Customs The Hawley-Smoot Tariff Act, Wool 

^chedule II, has been enforced since 1930 Paragraph 1102 states 
mat the duty on wools not especially provided for, and hair of the 
Angora goat, cashmere goat, alpaca, and other like animals in the 
grease or wash, will be 34 cents per pound of clean content , scoured, 
•S/ cents per pound of clean content, on the skin, 32 cents per pound 
of clean content, and sorted, or matchings, if not scoured, 3S cents 
per pound of clean content Therefore, wools which are used in the 
manufacturing of wool goods must pay a duty of 34 cents, based on 
the yield of scoured and carbonized content In other words, if im- 
ported wools are estimated to shrink 40 per cent, only 60 pounds of 
each 100 pounds must pay a duty of 34 cents a pound For example, 
when 100,000 pounds of foreign wool, with a shrinkage of 40 per 
cent, IS imported, the importer has to pay the government 60,000 
times 34 cents, which is $20,400 

In this country hardly any wool suitable for carpet purposes is 
grown Therefore, wool for the manufacture of carpets and floor 
Coverings are admitted duty free 

In case the wool is not desired for immediate sale by a wool 
dealer, who plans to hold it for resale or for a mill, the wool is 
taken from the pier and stored in a bonded wai'ehouse This bonded 
warehouse may be at the point of import or it may be connected 
with the mill At either place it will be in charge of a custom offidal 
The withdrawal of bales from the bonded warehouse can be done 
only after the duty is paid and a permit obtained from the custom 
house This permit is in turn presented to the customs ofKcial, who is 
stationed at the bonded warehouse where the wool is in store, and 
who releases the number of bales paid for 

The owner may keep his wool in bond without paying the neces- 
sary duty for three years After the three years lapse he must with- 
draw It, and pay the duty or else re-export the wool into^ another 
country, thus avoiding the payment of the duty In many instances 
local dealers have purchased foreign wools, storing them in bond 
m this country and have sold them abroad In the event the owner 
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IS not able to dispose of the wool after three years he may apply 
to the custom house officials for an extension, which will be granted 
if the officials believe the reason warrants it 
In purchasing foreign wool, the wool dealer or the mill agent will 
always consider the duty, which sum has to be added to the actual 
purchasing price He has to see that the out-of-bond price does not 
exceed the price at which similar domestic wools can be bought As 
a rule foreign wools sell in our markets at prices higher than those 
paid for domestic wool of comparable grades Many wool growers 
have been inclined to question this apparent disparity, which attracts 
foreign wool to this country in spite of the tariff In an effort to 
analyze this apparently contradictory situation, the Bureau of Agn- 
cultural Economics made a study of the factors that affect relative 
value of domestic and foreign wools In Table 5, which was com- 
piled by Buck,2 a comparison is made between domestic and foreign 
wools in which the prinapal factors tending to influence wool values 
are shown 


TABLE 5 


COMPARISONS BETWEEN DOMESTIC AND FOREIGN 
MARKET WOOLS 


Factors 

Inflvenctng 

Values Domestic Wools 


Preparation of 
fleece 


Tags 

Bntch 


Entire fleece bundled, includ- 
ing inferior and heavy parts 
grown on belly, legs, and 
neck 

Amount varies 
Bundled in fleeces 


Heavy dung locks Often bundled in fleeces 


Stained 

Paint 

Burrs, seeds, 
straws, etc. 


Skirts, bellies, dirty lodes, 
etc , are rolled m fleeces 
Fleeces from some sections 
very heavily painted; aver- 
age considered high 
Even though necks, skirts, or 
other parts of fleece are bur- 
ry o r chaflCy, they are bundled 
in fleece 


Foreign Wools 


indies are composf 
ily good body wool. > 

parts removed 


Soved at time of 

moved ^ om^arfid 
when fleeces are p P 

market 

moved m skirting 
latively small amount 



Sbie 

Qtaining 


®\V A Buck, U S Dept of Agria pamphlet, 1933, 
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TABLE S—Cotiiwucd 


Factors 

Infhtcneing 

V alues DomesUe Wools Foreign Wools 


Stuffed fleeces 

Strings 

Gray, brown, 
and black 


Staple lengths 


Shrinkage 


Gead (murraine) 


Packing 


Sorting cost 


Preference of 
roanufacturers 


Occasional flccccs from some 
sections contain heavy for- 
eign material for weight 
Found to a greater degree in 
wool from farming sections 
Mostly paper, an occasional 
fleece carries harmful tying 
matcnaL 

Often shows lack of care in 
keeping colored wool sepa- 
rate from white Much wool 
carncs occasional colored 
flber Care in separating col- 
ored from white fleeces would 
tend to broaden use in in- 
stances where whiteness is 
required 

Somewhat irregular 


Comparatively heavy. 


Fleeces found at tunes inter- 
mixed with good wool Pieces 
stuffed or bundled in good 
wool 

Occasionally e X t r a n e o u s 

heavy articles packed in bags 
with fleeces . 

Comparatively high, caused 
by necessity of eliminating 
greater quantity of extrane- 
ous matter . 

Types of fabric or yarn de- 
sired and relative cheapness 
of the wool exert considff- 
able influence on kind selec> 
ed. Manufacturers make al- 
lowance in price to take care 
of heavier shrinkage and 
greater manufacturing costs 


Itarcly found 


Seldom tiea 


Care is ercrcised to keep 
colored fleeces separate from 
white Comparative free- 
dom from black fibers m 
wool from Australasia and 
&uth Africa stunulates a 
demand for their use m 
white yarns and fabrics 
and in dyed pastd shades 
Comparative regulanfy due 
to imecial effort to supply 
product as desired Classed 
tor staple length at time of 
preparation Usually only 
superior type of wools are 
imported 
Much lighter 
Australia SO per cent 
New Zealand 40 per cent 
South Afnca 55 per cent 
South America 50 per cent 
None 


False packmg is rare. 


Lower because oi minimum 
amount of ectraneous mat- 
ter 

Wool 
South 
ferred 
ncs ar^ 

est shades of dye 


from Australasia and 
Afnca often pre- 
fer pure white fab- 
id for use with hght- 
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growers to overcome the adv/ P^^sent by the American wool 
through their lighter shrinkaa-o' r possessed by foreign wools 
wool can be improved throup-h apparent that the domestic 

fleeces for the market Imr^n the preparation of the 

dividual fleeces would preparation of the in- 

changes in methods of marketing^ provide a basis for beneficial 


PtJLLED WOOL 
Pulled wool IS thf* ^ 1 , 

from the pelts of anioifllc ^®t has been removed 

In feet, pilled 'nrgely in the pactog houses 

packing industry The slaughtering and meat- 

American wool trade is rfance of this type of wool for the 
of pulled wool produced ^^‘^t that the amount 

1931-1940 amounted tn States for the ten years 

364,000,000 pounds of shJa pounds annually. Compared wiA 
c^t of the totTannual amounts to IS per 

States, in most instan^^^ pulleries which, m the United 

houses The most imonrfa'nf connected with the large slaugliter- 
m Chicago, St Louif wooI-puIling establishments are located 
Missouri, and are m the> Joseph and Kansas City, 

Swift & Co , Armour Xr well-known meat packers as 

few others The^ai^ ah Morris & Co, Wilson & Co, and a 
quarter of the total nidip?^ pullenes in the United States A 
the United States produced in the eastern part of 

,puIled^w,ooI, such as names are used in the trade foj 

wo'oP''*’ ' “ .SOofi-^lme^oqh^amn^^ 


Methods of Pulling Wool 
The 

namely, the*Jwea*finct^fh"^?°^ ^^ree principal 

the sheep have been^.slS^'fe^^''' dep^p.t 0 J 3 up«;£«ses Aft®^ 

bodies aid Te pelte arJ 

petts are transported to the wool-pulhng establish' 
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nicnts The most valuable part is the skin, but before the skin can 
be tanned and converted to leather it is necessary to remove the 
wool. 

^ ^ocfltiiuj-pioccss In this process the wool skins are hung on 
racks in large, heated rooms in which the atmosphere is artificially 
moistened The skins are hung very closely together Through the 
action of the heat and the moisture on the skin, the roots of the 
wool fibers are loosened to such an extent that they can be easily 
pulled out by the handful The process has to be supervised veiy 
closely, as the skins decompose when left hanging too long The 
sweating process is used only to a minor extent m the United States 

2 Lini^proccss The skins coming from the slaughter houses are 
first washed in large tanks, allowed to soak, and then passed to 
the scrubbing machine, where yolk, dirt, and other foreign matter 
are removed. Most of the natural grease remains in the wool In die 
next step any pieces of fat and flesh adhering to the pelt are re- 
moved Then follows the most important operation of the process, 
the “painting" For this operation the skins are turned with the 
flesh side up and carefully painted with slaked lime The lime 
remains on the skin overnight during which time it enters the pores 
of the skin, loosening up the wool roots The next morning the skins 
are given an additional cleaning to remove the lime, after which 
they are taken to the pulling room This process, which succeeded 
the sweating process, is the method employed in the United States 
and Australia in recent years The wools pulled by the lime process 
are also known as “slipe” wools The lime process has more recently 
been replaced by the faster and cheaper depilatoiy process 

3 Depilatory process This process is described in detail since it 
IS exfSisivSy 'used''ih the United States When a pullery is con- 
nected with a slaughter house, the killing of the sheep is done on 
the first floor and the pulling in the basement After the slaughter- 
ing, the skins are stripped from the bodies and transported by 
chute to the pullery The first operation is the washing process which 
takes place in large, semicylindrical wooden or metal tubs, and by 
winch yolk, dirt, and other foreign matter are removed The skins 
are agitated by large wooden paddle wheels and a constant flow of 
fresh water carries the dirt away The washing time is approxi- 
mately half an hour Then the skins are removed from the tubs 
and the liquid extracted in large centnfuges or hydro-extractors 
The moist skins are then taken to the paint room, where they are 
placed on flat tables with the wool side down The flesh side of the 
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skin IS then, .panited^with -the de- 
pilatory -rsolution -composed of 
water, jsodium^ sulfide,.., and^- June 
^!Fig 7.) 'The strength of the 
depilatory varies with the char- 
acter of the skin and the season 
of the year Every part of the 
flesh side of the pelt should be 
painted, to cover all the pores 
whicli lead to the roots of the 
hair Special care has to be taken 
to prevent the depilatory from 
coming into direct contact with 
the wool, because serious alkali 
damage may result The skins 
are then folded once lengthwise and hooked through the head parts 
of the pelt on movable racks These racks are suspended from over- 
head tracks On these racks the painted skins remain approximately 
twenty-four hours to permit the depilatory solution to work through 
the skin and loosen the roots of the fiber. An older method ot 
placing the skins in piles on the floor until the following day has 
the danger that the skins, as well as the wool hair, are likely to be 
damaged due to the heat which may develop when the skins are 
packed tightly and begin to sweat. At a high temperature the strong 
chemicals will react on die skins to such an extent that they wi 
lose in value To avoid spoiling, a number of pulleries have refngef" 
ated paint rooms After the storing time has passed the wool on 
most parts of the skin can, when brought to the pulling room, ^ 
easily removed by hand 


Fig 7 Painting sheep pelt with depila- 
tory Courtesy Eavettson and Levermg. 


Grading of Pulled Wool 

All kinds of breeds of sheep are slaughtered and the pelts carry* 
therefore, the widest range of wools To get the largest returns 
for pulled wmol, it is necessary to grade the wool according 
fineness and lengths Therefore, the pelts are first graded m m 
pulling room The length of the fiber or pulled wool is'governcu 
by the length of time which has elapsed between the last shearing o 
the animal and its slaughter With Iambs it is the time which na 
elapsed from the birth to the slaughter Wool is classed according ' 
length into clothing or combing. Practically all wools pulled ir 
June to early November are clothing wools The pelts are now rea j 
for the pulling. 
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The puller’s function is two- 
fold* he has to remove the wool 
from the skin and at the same 
tune he has to sort the wool just 
as the w'ool sorter sorts fleece 
wools Tlie pullei starts his work 
hj ojicning the folded fleece and 
placing It W'ool side up on a slop- 
ing table known as a beam He 
quickly pulls the w'ool from the 
skin by the handful, throwing it 
into wooden containers which are 
conveniently placed around him Fig 8 Pulling and sorting wool 
to receive the different sorts. (Fig 8 ) The wool from the head, 

tail, and shank part of the skin is usually removed with shears as 
the depilatory is not able to penetrate the heavier skm of these parts 
As soon as the wool has been removed, the puller folds the skin 
or slat, as it is now called, gram-side m, and places it on the floor 
behind him These slats are removed from time to time and stored 
m the cellar The pullers’ work is piece work based on the number 
of skins which they pull It is customary in this country to sort into 
only four grades A A, A, B, and C A A represents, expressed in 
fleece-wool grades, flue or 64s and up A equals half-blood or S8s- 
60s B corresponds to three-eighths blood and one-quarter blood or 
48s to S6s C covers all the grades fiom low-quarter down to braid 
The puller makes very few sorts from the skin, usually three from 
fine fleeces, two from medium, while coarse fleeces are thrown en- 
tirely into grade C The shortest wool is obtained from sheep sheared 
m the month before slaughtering It averages about one-fourth of an 
inch and is known as sheet ling When the receptacles are full they 
are emptied into piles at one end of the pulling floor for overlooking 
The overlooker is a skilled worker who removes all wool which 
does not belong in that particular grade After overlooking, the 
clothing wools are run through a picker for the purpose of blending 
and openmg up the wool previous to tlie drying Combing wools 
are normally not run through the opener As the painting and pull- 
ing IS done when the wool is in moist condition it has to be dried 
before it can be pacl«ed From the pulling floor, therefore, the wool 
IS dropped through a chute into the feeder of a regular loose-wool 
dryer After coming from the dryer, it is transported to the packing 
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machine New burlap bags are suspended in holes in the floor, hang- 
ing over the floor below. The wool swept into this bag is compressed 
Dy an automatic plunger When the bags are filled they are sewed 
together and dropped to the floor below. They are weighed and 
stored according to the grades of wool they contain. The bags vary 
from ISO to 200 pounds in weight 

Where the slaughter houses are not connected with pulleries ar- 
must be made for preserving the skins of their 
slaughtered sheep until they can be pulled. This preservation is 
frnm fil Salting and diying. Salting is more satisfactory 

‘ ® standpoint but preserves the skin for only a limited 
anri rn-. floor, smoothed out 

anntTior*^ Tu Several rows of skins are laid one on top of 

AftS is from three to four days 

haQ fn shippod to the distaut pulleries The puller 

lar waet, « skins for at least twenty-four hours before a regu- 
mg the sTlf purpose of softening them and remov- 

and months or have to be 
water, for example, from Australia to 
thoroughly in the open air by sun 
^ compressed into bales and shipped to the 
soal j ^ the puller it is necessary to 

T»rnr'oc.e’ sevcral days before they are soft enough for further 

as tanners’ pomt of view the dried skins are just 

as good as the fresh skins 

drrstalU^^lo^^'u quantities of foreign skin, received in fte 
imoni lartr % Glojersville, Johnstown, and New York also 

sheep and goat skins pnmarily for the 

productionof leather for gloves 

c come mamly from the Union of South Africa, north- 
. - » Spain, die Balkan states, Turkey, and China The wool 

is of very low grade, often 100 per cent kemp hair. 


Marketing of Pulled Wools*' 

plays no important part in the marketing of 
p ed wool. The large packing houses sell their pulled wool unde 
,, own ^mes or have formed subsidiaiy companies to handle 
their wool. Therefore, the majority of the mills usmg' pulled wools 
purch ase them directly from the pulling houses Over SO per" cent 

M Allen, £x/ro«j/rom Ecc<«rffj on ll'ool.ioston University 
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of the pulled wool market is in a scoured condition which means 
that the pulling houses scour large quantities themselves. The wools 
of combing length are always sold in the grease The shrinkage of 
this wool due to die scouring of the skin before pulling is much less 
than the shrinkage of regular fleece of the same grade The ap- 
proximate shrinkages for die various grades are as follows ; AA, 35 
per cent; A, 25 to 33 per cent, B, 12 to 20 per cent; C, IS to 25 per 
cent The prices usually range from 5 to 15 per cent less than similar 
fleece wool, depending on Ae market. The main ceiling prices set 
up for pulled wools during World War II are given m Table 6 


TABLE 6 


MAXIMUM PRICES OP DOMESTIC PULLED WOOL, 1945-46 


Grade 

Length 

{over) 

Pnee 

PvUed 

aca 

Sdltng 

1946 

Grade 

Length 

(bdow) 

Prtce 

Pulled 

ccc 

Sdhng, 

1946 

70a 

% in 

$122 



• 



64s 

2^ia 

120 

$103 

64s 

IK in 

$1 12 

$090 

62s 

2J^m 

1.18 

101 



— 

— 

60s 

3 in 

1.16 

100 

60s 

IH in 

107 

0 88 

58s 

3 in. 

1.12 

0 95 

58s 

2 in 

104 

— 

56s 

3H in 

108 

0 93 

565 

2 in 

100 

0 80 

50s 

4 in 

102 

090 

50s 

2 in 

0 92 

— 

48s 

4 in 

0 98 

0 78 

48s 

2 in. 

0 93 

— 

46s 

4 UL 

0 94 

_ 

_ 



— 

44s, 40s, 36s 4 in 

0 92 

0 73 

— 

— 

— 



Foretgn pulled wool The world’s leading wool pulling center is 
Ma^Mfetr a'lsmalTcity in France IqJ'^azarneT'lhe bulk 'of, the >\ool 
skiHT'Tran ^Austrajia Jind South ^^erira' arc pulled by^thcLSjvcat- 
iti g^fyes sr'" Olhef countries which played a part in the prewar 
^Iled-wool market arc Germany and Austria, which purchased their 
skins from Russia, Turkey, the Balkans, India, and China 

Uses of Pulled Wool 

Uses of pulled wool arc just as varied as those of shorn wool 
The clothing lengths are used by most woolen mills for the manu- 
facture ojjthc,.low'pr._gradcs of w^oolen goods, where it is used in 
various percentages _in connection "^vilh noils, „ rew or} cd woo’s, 
cdfiohTand raj on The finer grades ha\c a wide call among blaal ti 
manufacturers The _combing .w.ools ^rc .seldom combed m the top 
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Fig 9 Pulled wool showing root ends (X160) 


byv-themsei^es 
blended witlusil&ece 
iWpoJ.^They are also very 
suitable 

knitting yarn as wdl as 

for Jtbe-jnailtrfSSliire of 

p aper-m aker^* felts Irj 
regard to its general 
quality in comparison 
with fleece wool, pulled 
wool is considered in- 
ferior to fleece wools 

becaus.e,-th&-XOOt of the 

fibers are^more^^or less 
da.m^eff by the chemi- 
cals used Through tin 
damage the- affinity, for 

dyesjs .changed and th 

result is-uneven'-dyeing. 

In this respect the wool 
pulled by the sweating 
process is supc^^° * 
Pulled wool is easily 
identified, as illustrated 


FUTURES TRADING IN WOOL AND 
WOOL TOP CONTRACTS 


E. A. Beveridge 

Futures contracts are legally binding obligations They may h® 
considered a special kind of 'spot or cash contract 
futures IS a recognized and well-established function of 
wool and wmol top exchanges in the United States ana 

countries . modity* 

There are two types of futures contracts in this com 
namely, w'ool top futures and wool futures The wool rop 
that has been scoured, carded, and combed; in oth^ wor 
manufactured It is in the form of a ball of about ° ^ ^ 

These balls are packed in bales of about 250 pounds c® , tlie 
futures, on the other hand, contract for the delivery or “v 
grease, or in an unprocessed form 
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From about 1 888 to the bc^nnnmg of WoiJcI War I, trading jn 
wool top futures was actl^cIy earned on at Roubaix-Tourcomg, 
France and at Antw'crp, Belgium The former market reopened in 
1922 and the latter m 1929, but both closed with the outbreak of 
World War II Trading m wool top futures w'as reinaugurated on 
Ma) 18, 1931, and in w'ool futures on March 17, 1941, on the New 
York Wool Top Exchange (knowm formally as the Wool Asso- 
ciates of the New York Cotton Exchange) Despite difficulties 
caused by World War II, both markets have been in continuous 
opciation 

Operation of the New York Wool Top Exchange 

Mctnhcishxp New' York Wool Top Exchange memberships fall 
into two classes. 

Class A. Members of the New York Cotton Exchange automati- 
cally become Class A members of the Wool Associates A few 
wool people have Class A membership which they have obtained 
through becoming members of the New York Cotton Exchange 
Only Class A members can execute futuies contracts in both wool 
and w'Ool tops or carry them for account of others 

Qass B The number of Class B members is limited to ISO There 
arc now about sixty-six such members, mostly people in the wool 
industry They, like those Class A members who do not clear their 
own transactions, are charged rates of commission half of those 
charged to nonmembers 

Wool top futures contract The wool top futures contract calls 
for the delivery in an approved warehouse m greater Boston at the 
contiact pi ice, of 5000 pounds of Exchange Standard tops during 
the calendar month named This standard or basic grade is an 
American fine wool top, conforming to U S standard 64s, made 
from merino wool, oil-combed, containing not over 3 per cent of 
fat and oil, and produced from wool shorn from live sheep in the 
United States Tops made from wool or blends of wool grown any- 
where m the world which meet this standard, with pulled wool 
permissible to the extent of 20 per cent, may be delivered Dry- 
combed tops are deliverable at a premium determined as provided in 
the Exchange by-laws - Tops are appraised by official inspectors 
at percentage premiums over, or discounts under, the basic grade 
value For example an 80s good staple top receives a premium of 
2 per cent No top more than 8 per cent inferior to the standard 
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may be tendered and tops valued at over 3 per cent receive no more 
than a 3 per cent premium. No top may be delivered fliat contains 
over 4 per cent of oil and natural fat. 

Wool fuiutes contract The wool futures contract calls for the 
delivery m an approved warehouse in Greater Boston, at the con- 
tract price, of 6000 pounds, dean weight, of tlie Exciange Wool 
Standard or basic grade, ^\hich is a 64s quality graded wool shorn 
from Ine sheep in tlie United States, the wool being about 2)4 
inches z\ erage stret«.hed length and of good color. Acceptable 
of wool of c\ erage 60s or finer grade, meeting U. S. standard, 
grown aniiihere in the w'orld, are ddiverable Pulled "nool is 
delr erable onh* if umform in grade, staple and diaracter and if it 
comes from tl’e mam body of the skin Blends of wool are deh^'^* 
able but only if of similar character and as accepted by trade 
custom Blends of wmol from countries other than the United 
and blends of pulled and shorn wools, however, are not deliverable 

Wool is graded by Exchange inspectors at percentage premiums 
o\er, or discounts under, the standard No w’ool lo\Yer than o pe 
cent discount may be tendered. The highest premium 
6 per cent \yooI is delivered in the natural or grease state, al- 
though the price is quoted per dean pound 

Cohimissions. In both w’ool and wool top contracts 
commission to buy or sell is $15 for nonmembers and ? 

members residing m the United States or Canada. 
other countries pay $1.25 more. Such commission charges are i 
only ones incurred when a purchase is liquidated b}’' a later sale, 
vice versa 

Trading Ddivery is made by the tender of a warehou^ 
and also Exchange weight, grade, and other certificates Five 
ness da} s’ notice of such ddiver}^ must be made by die 
In both wool and wmol top contracts the sdler has the choice or 
day of delivery dunng the ddivery monUi, and of the q |j 
to be ddivered, prodded it is w-ilhin the contract 
trading in futures is done on margin since title cannot p^- 
ddiveiy' is made, which obviously must be in the future. j.,es 
vdue is paid when ddivery is made The margin requireo 
with the state of the market, with a minimum being is 

Exchange At the present time a margin of toP 

generally required by carr}*ing members In wool „ 

futures trading no credit is permitted, even to trade acc 
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As m all futures markets, trading is confined to certain hours 
(m wool* 10*10 A M to 2 40 P M.; m tops* 10:20 A.M to2*S0PM) 
and to a designated area on the Exchange floor At the close of the 
day all transactions m futures are cleared through the New York 
Clearing House which simplifies considerably the process of liquida- 
tion A purchase of futures is liquidated either by receipt of the 
commodity, or by sale of the same future made, prior to delivery, 
through the same broker A sale of futures is liquidated either by 
delivery of the commodity, or by the purchase of a contract for 
the same delivery month made through the same broker, in other 
words, by an offsetting transaction The percentage of deliveries 
to total transactions is comparatively small Minimum spot fees in 
the case of deliveries are charged die client for the various services 
rendered, as well as a commission for the initial futures transaction 
It is only after delivery has been made that storage, insurance, in- 
terest, and other handling charges begin 

Sales activity The activity of wool top futures trading may be 
gauged by the record of sales* 1,090 contracts in 1932; 14,879 in 
1938 , 32,256 (a record) in 1940; and 7,766 m 1945 In wool 
futures, the volume of sales has been decidedly smaller; 4,677 con- 
tracts m ten months of the first year (1941) (the highest) and 
2,319 in 1945 Hindrances to uncontroll^ activity in the postwar 
years have been * Commodity Credit Corporation purchase program, 
OP A ceiling prices, British control prices, and foreign exchange 
restrictions 


Values and Services of Futures Markets 

The futures market is of considerable economic value to the 
various sections of the wool industry It provides a central place 
where the bids and offers of producers, merchants, dealers, im- 
porters, manufacturers, and consumers can come together and there- 
by establish a broad and liquid market It establishes equitable rules 
and practices for the conduct of the wool business and for a speed) 
settlement of disputes, besides promoting the interests^ of the indus- 
try generally In addition, a futures market necessarily collects all 
available statistics and other data on wool for the benefit of its 
members and its members’ clients 
The futures market also senses in equalizing suppl) and demand, 
providing a means of discounting the future, helping the distribu- 
tion over twdve months of a crop harvested in a few, and in pro- 



a Z^S nT f- "'■doabledly is m furnishing the industiy 

market by the infiv^i! I use of the futures 

discussed in the follotmg pa2|r2^hs°“ “““™' “ 

market wZout^mZf" ®alce advantageous use of the futures 
of his cho For pvam«r”? prcscnt method of disposing 

^ that wool future«j gii before the time of shearing 

one at which he woulH^ti^^T ^ relatively attractive level, 

readily deliverable to ll sheared and 

him an oppmum^n Jl The futures market offers 

modity ful^res br^kfar pn this situation Through a corn- 

lent weight of his dm for ^ futures contract on the equiva- 

This sale sav at -fi R? 1? s«»table deliveiy date 

price that he^ vdll receivffnJ^^^®’ assures the grower the 
wool market should Ker^a'te"'^' no matter what course the 

which time he^wnnl? would be to sell his clip to a cash buyer, at 
had sold onlv on/* f repurchase his sale of futures Suppose he 
had dedmed^^ns r extract (6000 pounds) and the market 

a profit 0^600) then have made 

corresponding rff^rk or $^0, wLch could be applied to offset the 
If the KefhS in " the dip. On the other hand 

be a hss b the $88 sale, then there would 

be offset bv tbp n ^ ^ ®r $600, which could, however, 

the dip 5 £ a hke amount in the value of 

could deliver it aa'ainct^^^?!? deliverable grades, he 

to obtain th>«! neef futures sale All he would have paid out 

of $15, which is no?l Ke 
But thf 1. * ror such an assurance 

of futures contrar^c^V^^* another means of profiting by the use 
buver'q Generally speaking, he is glad to accept the 

are nrrae when the latter comes to bid on the clip. Yet 
are occasions when Tip i.i * ..nfT the 


Se the 'fittr comS to blfZ the d? W 

market is IikpTv°f ^ Pr'oc is too low and the 

Sn^ract at tbp^f-° Accordingly, he buys a futures 

the price Ii« selling his clip and holds this future until 

dates his Ion^*fu^ure*^ desired level, at which time he hqui- 

can wool importer, and the wool topntohef 

rule is tn bpIw futures markets for hedging purposes The gcuem 
futures in an amount equal to the purchase of sp® 
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wool If the prices of the spot and the futures markets move to- 
gether, then It IS obvious that the loss in the one offsets the gain 
in the other, and protection against a price decline in the spot article 
has been achieved However, it is obvious that the possibility of a 
speculative profit has at the same time been eliminated The oper- 
ator, be he merchant, importer or topmaker, makes only his usual 
merchandising profit 

An example of such hedging will demonstrate this more clearly 
Suppose a dealer buys a lot of wool, weighing 12,000 pounds clean, 
at $95 per clean pound, but is afraid of a price decline before he 
can sort the wool and find a buyer. To protect himself, he sells two 
futures contracts, calling for deliveiy some few months ahead, say 
December Assume that the futures contracts were sold at $90 
Some time later, he has an opportunity to sell the spot wool at $1 00 
per pound after December futures had advanced to $93 He de- 
cides to liquidate his position in both spots and futures He makes 
a profit on his spot wool of $ 05 per clean pound and a loss of $ 03 
on his futures contracts, making a net gain of $ 02 per clean pound 

Hedgers make their profit by rehandling the wool they purchase 
and making a premium on sorted grades and qualities Sometimes 
they profit by reason of a shortage of some particular quality which 
then demands a premium compared with the basic grade 

Another hedging use by the merchant is to be noted when a 
topmaker, for example, has a chance to sell tops to a spinner for 
delivery a few months later Not having the required wool on hand 
and being unable to buy any quickly and, moreover, fearing that 
a price advance is imminent, he seeks temporary price protection 
by the purchase of a like weight of some distant futures contract 
This gives him time to look around for the wool (required to make 
up the tops sold by him) in order to acquire it at a relatively fair 
price When he thus buys the wool he needs, he sells out a cor- 
responding amount of the futures he had bought If the two prices 
(spot and futures) have moved along parallel lines, then it is obvi- 
ous that he has had price protection If the market advanced, he 
would gam on his futures and lose a corresponding amount on his 
spot sale The operation would leave him free from woriy over 
market losses and enable him to devote his attention to the manu- 
facture of the tops required If the market declined, he would lose 
when he liquidated his purchase of futures but he would be able, 
in general, to buy the spot wool at a correspondingly lower price* 

3 Both the spiwter and the maimjacturer can make advantageous 
use of futures in a manner similar to the procedures just described 
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clothing manufacturer, the mail order house and the 
wholesaler can benefit by utilizing the futures markets for protec- 
tion against broad price swings 

groups which use the futures market 
I . ^ g*ng or other purposes, there is another group, the siecu- 

' loff 'T’ ^ convenient medium for speculation Specu- 

r ^ P ^ important part in the functioning of a futures market, 

y i”®y assume the speculative nsk of which 
g s in the industry wish to rid themselves. 

markets are not, of course, to be considered as substi- 
possibilitiM^^ markets but as supplementary markets with additional 

finance growers, merchants, importers, topmakers, 
Tnpntc tn manufacturers generally grant better financial arrange- 
ftipji- f'n minimize their inventory risks by hedguig 

j futures markets For both banker and 

lativp f ♦ hedging has reduced the previously existing qiecu- 
lative risk by transferring that risk to the speculator 
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WOOL GROWING 


COUNTRIES 
UNITED STATES 

CHINA NEW ZEALAND AUSTRALIA OF ARGENTINA URUGUAY SOUTH AFRICA 

AMERICA 

I 

MARKETING 

CENTERS 

TIENTSIN WELLINGTON SYDNEY BOSTON BUENOS AIRES MONTEVIDEO PORT 

LONDON EUZA8ETK 

I 

MILL OPERATIONS 

SORTING 

SCOURING 

WOOLEN SPINNING | WORSTED SPINNING 
I DYEING 1 


STOCK C/msONIZING 
BLENDING 

I 

OILING 

i 

CARDING 

SPINNING 



DOUBLING 

PLYING 

TWIST SETTING ' 


TOP MAKING 


DRAWING 


’ SPINNING 


WARP 

PREPARING 

PACKAGE^WINDING 

WARPING 

SifiNG 

DRAWING IN ^ 


WEAVING 


WEAVING 


FINISHING 


FILLING 
PREPARING 
PACKAG*E WINDING 
RESP'bOLING 


Flow Chart of Wool Manufacture 
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Wool Sorting Room 
(.Coiirtcss Forifltwann IVoo2cft Co ) 







Ju Kvv Xf-il n<! « J-. rcfiuircl In law that at least onc-third 
'|t the j/iti h*, «ofil /jr^mtTS he made fiom flax grown in 

O'Ms.mmj 'Jh«v aie alfnwcd to import jute packs only under 
tl^'\ernmni( Iiumf 'Jfuw Xcw Zealand flav packs are, atcoidmg 
hi rtjiorts from I'njd.md. not entirely suitable and the New Zealand 
jo\(nMntn! has njidc nn .inrconicii! with tJic British Wool Fcdcra- 
hnn tint there will he no increase m the proportion of the flax pack 
h) he u'td until the iinhiial is fiiithcr unproved 
i'Vom (he chapter on grading and marketing it w'as learned that 
'’^Liaxicfi considerably in-rogard to fineness and length according , 
»Q jlic b reed of sJiccp. In addition each Jleccc carries strikingly „diflfer- 
ent nu.iru'ies of wool No two flerces even from 'ihe^me^ype of 
^iiccp'^Kl-frTiriulBe' same, district arc exactly ahke^ in, quality and 
quantify^irstril)iilion“”lf (he manufacturer were to use the fleece in 
its originaf Torm, he could produce only medium or coarse yarns, and 
the resulting cloth would never be of the highest possible quality 
From this explanation it is obvious that, prior to processing, it is 
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TABLE 1 WEIGHT AND SIZE OF WOOL BALES AND BAGS 


FOREIGN 


Argentina— -B A —grease 
Argentina— B A— scoured 
Asia 

Australia — greasy 
Australia — ^scoured 
Cape South Africa — grease 
&pe South Africa — scoured 
Cape— South Africa— mohair 
Chile — grease 
^ China 
„£ast India 
England — squares 
England 

Montevideo — ^grease 
Montevideo— scoured 
New Zealand 

Zealand— scoured 
Peru — unwashed 
Peril — ^scoured 
Punta Arenas 


Scotland — carpet 
Turkey 

Turkey — mohair 
^’^""^renean grease 


Donskoi— carpet 
Donskoi — unwashed 
Donskoi washed fleeces 


Average Weight 

tn Pounds 

Bag 

Bale 


1000 

700-800 

330 

* 

330 

250 

370 

210 

300-350 

500-1000 

SOO 

330 

soo 

700 

500-600 

• 

1000 

800 

230 

33C 

250 

800-1000 

180* 

180-250 

220-220 

500 

350-400 

200-250 

300-400 

200 

250-325 

150-175 

500 

300 


Stze of Package 
w feel 


S X 3 X 2K 
5 X 3 X 2^ 

3 X 2J^ X 2J^ 

3 X 2H X 2M 

< X 3 X 3 
J X 3 X 3 
3x3x3 
3^x2 X 2 

3xl^xlM_ 

4x3x3 
6x4x4 
5 X 3 X 
S X 3 X lyi 

4 X 2J^ X 2H 
4 X X 2M 
3^ X 2 X 2 
3x2x2 
4x3x3 

Long bags 

6 or 7 long x 3 wide 
2H X X 2H 


4x2x1 

or 

3 X 1J4 X 134 


DOMESTIC 


California — grease 

California— scoured 

Indiana 

Michigan 

M on ta na~— grease 

Ohio 


Oregon, eastern — grease 
Oregon valley— grease 
Territory 
icxas 

Utah — grease 

♦ Cxhfor 

T X X 4 in bales 



SOO 

250 

175 

220 


325 

200 


350-460 

540 

350-460 

475-520 

350-460 

475 

210 

• 

325 

¥ 


4H X 2 X 2M 

4>|x 2x234 

634 X 134x2 
634x13 
634x13 
634 X 13 

634xl||x2t 
534x 134x2 ' 
634x 134 x2 




ho5?7}N(,. 5(ot { t? (, '» I AtMit)’- 1/iNc 3£y 


i<tvc<«<,'iry to fh\j(Ic the fleeter or pi'c itAn thcr respo . ' ■ 'pinning 
<iuahlict lint tlicv nny he n<it' 1 *o' grtido*. ( f c'f/th The 

nperaitoj, of dnldnif! the wort) i«n j I in 'ii fircc^' inti ’ii liiTcrent 
•^'rts or i*' called vlnh (ho per'"'’* i 

the operation is known as a 


WOOL-SORTING 

Wool-sorting is, therefore, the first process w.iieh grea '• ! 

nndergoes after it is purchased by the nianufacluitr The ■'ort& •'r^ 
made according to fineness, length, soundness, color and anioiirt i 
'cgctahlc matter 'I his placcii all the fibers with equal character 
one group, enabling the manufacturer to produce out of this soit 
the yarn or fabric for which it is best suited 
It IS important to note that all whole fleeces in each bale have 
previously been classed or graded This means that there is a 
deal of difTcrcncc between classing or grading of fleeces as a whme 
and opening and sorting them into suhsorts Sqrtmgjs a jnpre ad- 
vanced step, j*equiring*juorc^cchnicak skill. A_ qualified ^wool-^pr, ter 
Jis_alwa)'S'ti-rchal)lc.wo.oljidasscr,.buLa yvool-classcr, is very seldom a^ 

good,.\vool:sortcr.'^ . . , 

"^s prcviou’4' staled, aorUng-is„ gmded 
cach^nianufacturec^and diffcrs_according ,tp the .type f 
cloth to be producecTrrmirthe wool A mill manufacturing high 
quality goods will always make as many sorts as possible to get tne 
full benefit of each fleece, whereas running ^^e^ grades of 
goods may make only two mam sorts by r thg ^oods 

the fleeces only. In other words the hi&herjhe 
to be manufactured the more carefully the sorting is do , ^ 
tendency m the United States is to do less and less 
s.nc= thVrabon .s by hand arf 

pensive It is estimated that over 70 per ceni; ^ j 

m the United States is "tiap-sortrf Th? Md 

IS removed from each fleece apart * , ordeal experience 
Wj.obs2rtu.g,.s.a.tradete»e^y-^^^ ,, 

In European countries, TS^oll-sortrr does the work 

fom:.:year apprenticeship -is-xequired i gxoerience enables him 

by olservinY and handling the ^gP^nty in decision 

automatically to assign to J sensitive touch, and good 

(the first impression is generally corrert;, sensu^ ^ 

eyesight are essential that poor illumination causes the 

necessary experience has snown tr' 
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sorter to grade the wool too fine and in direct sunlight the wool 
appears coarser to the sorter It has been established by English 
scientists that a psycho-physical law (Fechner-Weber law) is the 
fundamental basis for wool-sorting, and that the eye, in the wsual 
^s^,^i ^ler thanJ iheJtpjich^ is the*pal^aSH0arto/?‘"* 

Bench-Sorting 

The wool bales obtained from a warehouse are weighed and a 
record is made of each lot number and bag number To assist the 
proper opening of the tightly wrapped fleeces, in many mills the 
bales are subjected to a heat-treatment, particularly in winter In 
cold temperatures wool grease solidifies in the fleeces and renders 
them stiff and difficult to open This heat-treatment is given in an 
ordinary hotbox (120° F ), where the wool is stored for as long as 
twenty-four hours, depending on the size and compactness of the 
bales 

One bale at a time is taken up and placed conveniently near the 
sorter s working table Each sorter has a bench approximately 7 to 
10 feet long and 3 to 4 feet deep, the center of which is covered with 
wire screen or wooden lattice work This arrangement permits loose 



Fig 1 Wool Sorter at Work — ^Bench Sorting 
(Courtesy Forstmann Woolen Co) 
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dirt and sand to fall through during the sorting The tables are ar- 
ranged in front of a row of windows facing north, or in the center 
of a room with specially placed skylights The wool-sorter is pro- 
vided with a number of large baskets or box trucks on either or both 
sides, according to the number of sorts he is making He is provided 
with a pair of shears for chppmg and cutting the strings with 
which domestic fleeces are tied together 
The sorter opens the bales by cutting the burlap and rolling the 
bale on its side He removes several fleeces at a time and places them 
on his table The fleece (as noted in the chapter on marketing) is 
rolled together in a definite manner into a tight bundle, held together 
by a paper string (domestic) or by a twisted portion of the fleece 
Itself (imported) In fact, most Australian fleeces are not tied at all 
In case the fleeces are tied with strings, it is advisable to cut the 
strings of fifteen to twenty fleeces on the floor The strings are 
collected in a bag for later disposal After opening a fleece the sorter 
shakes it over the screen of the table, thereby ridding the fleece of 



Fig 2 Parts of the sheep that furnish the different sorts of i\ool 
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*”atter When the 

henri tail J spread out and the various parts noted, such as 

IS a drSv!.n!"^f commences to “skirt*' the fleece Figure 2 

fleLfS f? ^ ITu the parts of the animal’s 

of XS According to SmithS the names 

foUmvs : ^ prevailing in the ^rt are as 


1 

2 


]jeck^^°iLnr^^\r short, moity, and inferior wool 
fnlrlc ale ycry light-conditioned and long-stapled wool, the 

3 ""^tted lumps of infenor wool 

usuallv ta^^°ii ® grown by the sheep Sheep judges 

wool nn tii^ * shoulder wool as a standard and see how the 

4 Fleece Portions of the sheep compare with it 

““"y 

^ SS Tc'ondmm'^'' *° 

7 sl^di^nl open and musky 

anri in ma^^ Coarser wool than the other portions of the fleece 

with burs^ar^edV*^^ matted 

short wool surrounded by fribby edges; burs 
9 hJv in f ^ this portion of the fleece 

wool^ fW ^ kempy fibers containing very htfle 

such ’s« nn the manufacture of low-qualiQ^ goods 

SfnutPtf "arw horse rugs when blended with other wools 
in cnnHifmn^ i^^t Will not wash white, and is very lieaw 

before baling j^^t^^^cd wool from ewes should always be dried 

VPTO Good bulky wool, heavy in condition, and usually 

very burry or seedy: " 


10 


that which^comes -frQOi> tbe 
5®?if\the^eep. Next in br'dlr of value is wool from 
Wool frntn til back, the loin, and the upper part of the legs 

part of wV-'"’^u*^titdi' ibelly_chest.heS ..throat -and 

^ '^,^l^Cir When the fleece is deeply skirte^ 


fundShahlPnTirr''^^^ When the^ fleece is deeply sKincu 

to marW a ^ stained portions removed) before being shjppea 

woS custom^ in Australia. pracHcally all of this inferior 

oit ,n th removed A light skirting may leave a certain amount 
— ® fleece, while an unskirted fleece contains all of it 

Smith. Henry B Sheep and woo} wdustry of Australut and New Zealand. ler 3r ed^ 
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Fig 3 ) Apart from the rough classification just given, the wool- 
sorter has no guide except his own judgment and his familiarity with 
the manufacturer’s requirements In sorting for a qu ality, the wool- 
sorter sets up a hmit as^to the finesV and flw coarsest staples that 
can normally go intcTlhe m^ihg of that quality. He may have at hand 
a standard sample, which was selected by visual inspection, for use 
as a guide 

The sorter firs t rem oxes. the britch and the stained belly parts of 
throws into a basket intended for this sort 
Working inward from the edges he tears out various sections by 
hand and places them in separate baskets according to the different 
sorts he has to make In addition, the sorter removes from the fleece 
staples carrying dried branding material such as paint and tar and 
all lumps, twigs, dirt, matted fiber, large burrs, and other roughage 
that can be removed without too much expenditure of time Staple 
carrying branding marks is clipped by hand to save as much of the 
wool as possible 

After the sorter has filled several baskets of the main sorts, these 
baskets are taken to the foreman, whose duty it is to inspect each 
sort separately over a sorting table He takes out any pieces which 
are either too fine or too coarse for the quality in question. Each 
backet is then weighed, recorded, and emptied through a trap door 
in the floor to the storing bins. 


TABLE 2 APPROXIMATE COMPARISON OF WOOL GRADES 
USED IN THE UNITED STATES 


u. s 

Domesltc 

English 

French 

German 

U S 
Pulled 

I* me 

Fine 

Fine . 

80s 

70s 

64s 

80s 

70s 

64s 

110 

105 

AA 

A 

AB 

AA 

AA 

AA 

Half blood 
Half blood 

62s 

60s 

58s 

60s 

58s 

PM 

PC 

I 

B 

Cl 

A 

A 

A 

Threj-eighths 



II 

C» 

— 

blood 

56s 

56s 



B 

Quarter blood 
Quarter blood 
Low quarter 

50s 

50s 

48s 

III 

IV 

V 

Di 

D® 

El 

B 

B 

blood . 
Common 

Braid 

Braid 

— 

46s 

44s 

40s 

36s 

VI 

E» 

C 

C 

C 

C 


Affirox 
Microns 
190 
20 5 
22 0 
23 0 
240 
260 
27.5 

28 5 

290 

310 

330 


350 
37 0 
38.5 
400 
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Each mill designates its sorts by a system of numbers, letters, or 
terms The terms may or may not be different from the standard 
wool terms for the sorts In parts of the east, where the founders of 
the woolen mills were of European origin, many of the European 
terms have been retained In the Lawrence district the English terms 
are employed, whereas in Woonsocket the French and in the Passaic 
district some German designations are still used 
Numerical designations are also used as, for example fine sorts 
=12s, half blood=10s, three-eighths blood=8s, quarter blood=6s, 
and low quarter blood=Ss Because of the variety of designations 
the wool-sorter in the average mill knows the various grades of 
wool only by the system of designation used in that mill 
Table 2 illustrates the various designations for wool sorts used in 
the United States and their approximate relationship to each other 
One example of two typical mill sorts, showing the percentages 
of the various grades, sorted from two invoices, is given in Table 3 


table 3 

COMPARISON OF AMERICAN AND AUSTRALIAN WOOL SORTS 


Sort 

Loss in sortine: 

80s 

70s 

64s 

60s 

58s 

40s 

64s burry 
Black 
Felted 
, Paint 
Stained 
Strings 


Ortgtnal 12-Monlh Texas 
(40,000 Lb ) 

Australia 
(30,000 Lb) 
64s Combing 

Warp 

Ftllmg 

Total 

Warp Only, 

Above 

Below V/z" 

Per Cent 
50 

Per Cent 

28 

1 4% 

0 91% 

2 27 

0 22 

17 56 

5 52 

23 08 

21 42 

41 02 

20 68 

61 70 

65 02 

2 76 


2 76 

10 15 

0 13 


0 13 

0 07 

0 03 


0 03 

— 


1 10 

p 30 



0 09 

— 


- 

0 03 

— 



0 08 

0 02 


- - 

3 29 

0 005 


_ 

0 56 

— 


Trap-Sorting 


In contrast to bench-sorting as just dMcnbed, 75 P^ nnlHcer but 
wool in the United States is trap-sorted This is a much quiver but 
cruder way of sorting In trap-sorting there are ^ 
feeding into one trap The tables are placed m a radial PO^Uion to 
the trip Four men or boys work at each table* two of them open 
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the bales by cutting the straps or bands, one does the sorting and 
the other the checking or overlooldng 
Trap-sorting is practiced in the United States because the intense 
competition among top-makers and spinners has made imperative the 
elimination of the added expense of bench-sorting. In trap-sorbng 
a much larger production can be attained The production in sorting 
depends entirely on the mill requirements In the best of bench 
sorting an average hourly production runs from 100 to 300 pounds 
for fine wools, amounting to 900 to 2,500 pounds in an eight-hour 
day The slowest sorting is on the fine domestic wools, because 
much time is lost in proper skirting 


TABLE 4 COMPARISON OF TABLE-SORTING AND TRAP-SORTING 
Example Original 12-Month Texas (156,000 Ib ) 


Table-Sorted Wool 
80s 6 0% 

70s 23 5% 

64s 57 3% 

Off sorts 8 0% 

Loss 5 2% 


Trap-Sorted Wool 
80s • • * 

64s 87 0% 

Off sorts 8 8% 

lL 42% 


Occasionally wool sorters are attacked by a disease called anthrax, 
which IS caused hy a bacillus carried in the dust of certain 
The worst wool for produang wool-sorters’ disease has 
to be Van mohair Other wools that are liable to be infected wiw 
the anthrax bacillus are Turkey mohair, Asiatic (arpet wool, alpac , 
camel’s hair, and the wool of the cashmere goat 


Impurities in Grease Wool 

Since scouring is essentially a chemical process, the 
m composition of the raw material and the existing j.ffcr- 

type to type in various wools should be understood. These ^ 
ences are contributing factors to the establishment of the sco 
procedure Tremendous shrinkage variations are 
the various grades, ranging from the fine- to the coarse-wool ^ , 

In addition, significant differences in shrinkage and the cn 
nature of the impurities exist within each of the grades , these arc , 
butable to differences in breeds, environment, climatic conmtion , 
fading habits For the most part, these impurities may be . -uri- 
tee broad categories* (1) natural impurities, (2) acquired imp 
ties, and (3) applied impurities 
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I. The miural utipunhcs include the various oils and fats se- 
victcd h> the sebaceous glands in the animal's skin, referred to as 
xvon! /of, and tlic water-soluble salt< from dried perspiration, which 
arc designated as sum/ Together, these two basic constituents 
vonipnsc the yo/i *I he composition of the w’ool fat varies consider- 
ably III the various wool types and breeds Essentially it is a mixture of 
higher f.ilty alcohols and fatty acids Ihe physical and chemical char- 
acteristics of wool fat, such as its rclativel}' low melting point and high 
capaciij for emulsification, faeihtatc its removal from the wool fiber 
during the scouring process 'I'hc free fatty aad content of the raw 
grca«c ranges from 2 to 15 per cent, providing, with the alkali 
used therein, the raw material for the manufacture of natural soaps 
during the scouring process. The sum/ is composed of the potash 
salts of the various lower fatty and ammo acids derived from 
the decomposition and evaporation of protein materials and small 
percentages of inorganic salts such as potassium chloride and sul- 
late These salts may be removed fiom the wool by warm- or cold- 
water stccinng They have excellent surface-active and colloidal- 
suspending properties that may be utilized in scouring Aqueous 
solution of these salts may be either slightly acid or alkaline m 
reaction. 

2 The acquired tmpuuttes include sand, dirt, burs, pollen, and 
other forms of vegetable matter picked up by the sheep from its 
environment The heavier particles of vegetable matter may be 
removed to a slight extent by a mechanical dusting operation or by 
a preliminary steeping; however, the wool grease which surrounds 
the fibers acts as a binder for the more finely divided particles and 
holds them tightly on the fibers The vegetable matter must be 
removed either mechanically in subsequent mill operations such as 
bur picking, carding, and combing or chemically in carbonizing 

3 The applied tinpuriUes consist of tar, pitch and paint which are 
used in small quantities for identification purposes, or chemicals 
which are utilized as preventives of, or treatments for, disease The 


TABLE S PERCENTAGE VARIATIONS IN COMPOSITION OF 

GREASE WOOLS 


Type 

Grease 

% 

Sutnl 

% 

Fine 

10-40 

2-20 

Medium 

5-20 

2-20 

Long 

5-10 

2-20 

Carpet wool 

5-10 

2-20 

Hairs 

2- 8 

1- 3 


Dirt 

Vegetable 

Shrinkage 

% 

Mailer, % 

% 

5-40 

0 5-2 0 

30-70 

5-20 

10-5 0 

20-50 

5-10 

01-2 0 

10-30 

5-20 

0 5-2 0 

20HK) 

5-20 

0 1-1 0 

15-30 


scourm^ impossible to eliminate through soap and alkali 

out 5 fhe flelS Practice for these tips to be cut or sorted 

nooces prior to scouring 

they occur^wiihin^K^ ranges in shrinkage and ratio of impurities as 
tney occur within the various wool types are shown in Table 5 


DUSTING AND OPENING 

tjie^ajv^wool-by- the^detergent 

transition from the^oTd hand-sSiring and 
in the ^sphin . methods Numerous differences are found 

ous mills arrnr^?^’ coHstruction of machinery in vari- 

ments and wools scoured, production require- 

emoloved m ^ technological factors Generally,^^he machin er y 

-SO^t~^ed^cal 

of dirfnnri j *^''^^ISy^™®^t^by:. wHich some of the heavierTunips 
ooeninff of shaken from the wool, effecting an 

sS time individual staples and, at the 

spo„,.,^„ ij-ain ^ r“”|^°tm^uantity^X. opened stock to the 

SSf facilitates thenprSieP p'en^aH'on'-'erThe 
uniform and fiber, rendering the scouring more 

siderable savincr°^°^^^ In addition, the dusting accounts for a con- 
types of dustp^^” alkali, as well as in scouring liquor Two 

types of dusters are in use the square duster and the cone duster 

9 fote_dj(^f^r'or- openvr Combing wools are generally run through 
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a double-cylinder opener This machine (Fig 4) gives maximum 
fiber subdivisions and dirt removal with a minimum of broken staple 
The mach ine i^„built with eithjsr one, or two pairs of feed rollers, 
and wifirbTwthout a fan The principle of the double-cylinder opener 
>s ‘'simpIynfo'"be^t''‘the wool by means of two rotating cylinders 
against screens suspended below them There are two fifteen-lagged, 
toothed cylinders, each running in a downward direction, the first at 
a speed of 390 and the second at 450 r p m The grease wool is beaten 
by these cylinders against the underscreens and gives up a large 
amount of animal, vegetable, and earthy matter The machines are 
built in widths of 36 and 48 inches and are practically all metal 

These are principally used for dusting and opening 
especially, ^rtyj_^Iong„ and coarse wools and hairs such as mohair 
and ,camel*^hair The operating* principle is the same as that of the 
square duster The wool is beaten by a cone-shaped rotating cylinder 
against a screen suspended below it The cylinder is built up on a 
central shaft with arms attached to which are four wooden lags 
Each lag carries iron teeth that project 3 to 4 inches In many 
instances similar teeth are placed on the frame of the machine, 
so that the teeth on the mam cylinder will mesh with them 
In order to carry off the light foreign matter and dust from the wool, 
a fan is used on top of the machine A screen beneath the fan retains 
the wool but allows the dust to be removed 

The dusted wool is conveyed by blowers, conveyors, or trucks to 
the feed end of the tram To allow an even and continuous supply 
to the tram, feeders or hoppers of various types are employed 

The feeder consists of a hopper box with an apron moving fitin- 
zontally toward a spiked apron running vertically at a controllable 
rate of speed The,^sjjjkes,,of „this , apron pJ^ up small and large 
bunches,of wool, whic]b_ai;e^.combed.pft,mt6_small, evenly distrmuted 
I^ers of wool by^a Jarge^psciIlating,comb„or jjpffer^ A brush on the 
onpositie side of the apron, "revolving in the opposite direction, knocks 
the wool off the apron directly into the first scouring bowl or via 
a blower or conveyor The feeding of different types of wools may 
be regulated by the adjustment of the position of the doffer. the 
control of the speed of either apron, or by varjnng the pressure ot 
the wool against the spiked apron Here again, there is no standard- 
ization of equipment used by various mills for opening and feeding 
devices In many cases, such as heavy, lime-pulled wools passage 
through twin dusters makes a tremendous difference in the effec- 
tiveness of the scounng Furthermore, a uniform delivery is of 
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primary importance m attaining efficiently and uniformly scoured 
wool 


WOOL-SCOURING 

I 'l ■ » . II I u 1 1 r ■■ 

The removal of the impurities present in raw wool is one of the 
most-intricate,aijd^mpox^n.t^pp^rations in manufacture jotjiVOplen 
&^^or^tedjnaterials The intricaSes of ffie^rocess are magnified by 
the widely divergent procedures advocated by the many wool scourers 
throughout the industry The importance of scouring to the manu- 
facturer is attested by the manifold difficulties and problems which 
may be met in subsequent operations such as d3'eing, carding, comb- 
ing, drawing, spinning, and even finishing processes, that are at- 
tributajjle to .improperly, or over-scguredAvool In judging the efficiency 
of the scouring process, the most cntical factors are minimum scour- 
ing cost, maximum production and highest quality in the resultant 
scoured product With the present pressing demand for maximum 
production under existing mill conditions, rule-of-thumb, non-scientific 
methods of scouring control will certainly prove inadequate 
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The scouring of grease wools is accomplished, for the most part, 
by two processes (1) the soap-alkah process, (2) the solvent process 
Nearly 90 per cent of the wool processed m the United States is 
scoured by the use of alkaline detergents Various technological and 
operational difficulties have prevented the solvent process from at- 
taining widespread application, despite its acknowledged advantages 
in both physical and chemical condition of the scoured product 


The Continuous Scouring Train 

Tji,e,^CtuaL.scourmg. operation^ is, accomplished in a senes of 
indJWduaL^ajte . or.Jbow]s ffirpugh which the wool is propelled by 
^mechanical rakes ^with„ intervening squeeze rollers The final phase 
of the scouring" "operation is drying the scoured stock, for this 
purpose, specially constructed dryers are utilized so that the wool 
IS delivered to tlie succeeding operations with the desired moisture 
content (See Fig 5 and Fig 6 ) 




Fib 6 Drying end of a continuous scounng tram 
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The number of scouring bowls comprising a single train varies 
from three to six. depending upon the type of wool scoured and the 
production required The sizes and capacities of the individual bowls, 
as well as their respective order in the tram, may determine the scour- 
ing procedure, and vice versa Generally it is necessary to adapt 
the procedure to the number of bowls comprising the train and the 

type of wools scoured A three — or^Tour-howi-SGouring-train-has 
been fpund_.to be adequate, f or. haiijlhng carpet.. or-low-grade-wools 
A fou r- or ^ ^^"bo\\;L line is most suitable for use in mills scour- 
ing medKm^ aa^^ne-^iyoj:^ .for their own consumption, whereas, 
in commTssion scouring, where faalities are required for bleaching 
and bluing. , five or six bowls .are deemed preferable In mill scouring, 
it has been proved that excellent production and quality scouring 
may be achieved w'lth a four»bow'l tram 

An inventory of wool-manufacturing equipment in the United 
States, taken by the Bureau of Census in 1943, showed that there 
w'ere 384 scouring units available Of these. 227 w'ere found m w'oolen 
mills and 157 in w'orsted mills Those m the worsted plants were 
further broken down according to the number of bowls making 
a tram, and it was found that there were tw^ent}^ three-bowd 
seventy-five four-bowl units, fifty five-bowl units, and twelve others 
of various t 3 rpes 

"TilP^^outitig bowd itself- consists of a r,ectangular-sh^ed 
tank_as^ibled in^sections Scouring bm^s are made in four 
wn'dths^4-ihch, Sg^ifich, 48-inch, and 72-inch The 36 -in^_and 4^ 
mchj.\^sbers arcjused.jn,iost w’ldely and they are generaK}' utih^fid-^* ‘ 
16 foot, 21 f oot, if f oot.'and 32 foot lengths Each bowl section is 
comprisecT of^ a 30- to ^-degree ta^pefcH sump or hopper bouoin 
equipped w'lth a valved draw'-off outlet. These sumps permit *^•'*1'' 
draining of the bowl contents and the steep pitch of the "•a 
allows settling of the dirt particles from the scouring [“1“^ 
About 1 foot below the surface of the scouring Jijqugr^in the bow 
^ - koUnni^ p£„.»6ne mesh coppeF'or stainless steel | 

over %\hich the W’ool is passed and through which the hemy scdinicn 
may settle into the sumps. 

In American-built machines, the w-ool is transported 
bowls by the action of the harrow forks, a single unit of - 
a senes of parallel rakes set about 12 indies apart and op ' 
aied on an off-center cam A positiie sweep of -^tbo -ntke-pfof^ 
the \voQl..£rom“-12.-to J6..mches-forAvard-TTr-+h<r"bbwl Although J 
rake is iu constant oscillation, there is a mmimmn of agitation, w 
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ould create a felting action on the libers At the front end of each 
harrow fork the rakes arc provided with a perforated screen im- 
mersion box or duckcr which, upon entrance into each bowl, serves 
to submerge the wool in the scouring liquor In some cases, this 
ducker is in the form of a rotating metal drum equipped with metal 
blades In some machines, the false bottom is built up to a slight 
incline at the end of the bowl, which presents the wool directly up 
to .the squecre rollers In this case, an auxiliary rake or crab is 
provided, which takes the wool from the rake and passes it up to 
the roll, traversing the final 4 feet of the bowl This carrier gen- 
erally oscillates at from two to four times the rake speed , the higher 
the ratio of oscillation, the thinner will be the sheet of wool fiber 
presented to tlie rollers and the faster the rollers will have to rotate 
io handle the feed. This^ type^of— feed is. generally accredited with 
Dcing^ most suitable for 'short, J[ieavy-greasercontent*clothing wools 
Other" machine types “are provided with a single rake, extending 
from the feed end almost to the pressure roller, which is set lower 
than m the other types of bowls The wool is passed directly to the 
nip of the roller down a steep incline Some of the excess scouring 
liquor may escape through screened openings in the side or through 
slots in the perforated incline plate This type of feed presumably 
entails less agitation and entanglement However, while each of 
these features has its respective merits, the production and the 
type of wools being scoured are the pertinent factors in setting up 
a scouring train 

In some European machines or “scouring leviathans,” the wool is 
propelled through the bowls by means of individual rakes that are 
geared in unison and operate on a single pulley Each pair of rakes 
may run at the same or different speeds, depending upon the im- 
mersion time desired for each bowl The depth of the bowls to the 
false bottoms is considerably greater than in the American machine^, 
consequently, the wool has greater freedom of motion therein This 
feature tends to give wools scoured in this type of machine a more 
stringy and felted appearance The wool is lifted from the liquor at 
the end of the bowl by a mechanism known as the Belgium lift This 
consists of three free-swinging forks, rotating on a common shaft, 
which dip into the liquor, grab and lift lumps of wool, and lay them 
on a moving lattice apron which presents them to the press roll 

At, the end of each scouring bowl, the wool is passed between two 
large press rolls. These wring the excess solution from the wool 
before it enters the next bowl The top roller is usually lapped 
with rubber and the bottom roller is of iron or brass The roll 



^04 American Wool Handbook 



Fig 7 Modern five-bowl scouring tram Courtesy C G Sargent’s Sotis Corp 


pressure is maintained- at bet\Yeen,3 and 12 tons and is created by 
compound levers^nd'^^^ngs Slippage^an^ stoppage is avoide ) 
a system of gears motivated by a positive drive A tank is situa 
underneath the squeeze rolls to catch the surplus liquors 
from the wool This tank drams by gravity into the side or tin 
neath settling tanks, or its contents are pumped directly back ^ j 
front end of the bowl to create a spray which assists m 
subrnerging the incoming wool The side or underneath settiinf 
are furnished, generally, on the heavy scouring bowls. They 
smml capacity sections only, with tapered sumps that provi 
I^rtial sedimentation of the squeeze and overflow liquors 
their use as a spray A wood or metal apron transports the 
fr^ the squeeze roll to the next bowl , ' , -^tor 

The most modern wool-scouring trains incorporate ^ 

c rives, with separate motors for squeeze roll, rakes, P 
ihis arrangement constitutes a decided improvement m eih 
safety, general appearance over the conventional overhea 
drive (Fig 7) 



Sorting, Scouring and Carbonizing 


405 


Bjcsides^tlic. mechanical asjpects, various factors, such as capacity, 
immersion time, spccj^s^'and temperature, have a definftV influence 
on~5courihg procedure. The capacities of the scouring bowls and the 
order in 'winch they arc set up m a tiam influences the function 
ascribed to each, the quantities of detergents necessary to produce a 
<|esircd concentration and tlfe’ frequency with which the liquors must 
l)e'*.ffe*iVewe<J. Tixpericncc has indicated that machine speed and im- 
mersion time ha\e,a pronounced effect upon the production and 
quahty^of scouring Recent trends have been away from long im- 
mersion times with a faster timing of the machines ^rppedy 
controlled balance -of detergents is much more conducive to good 
^go'iiring.than a longer immersion time Furthermore, the higher rate 
of swilling and the lesser degree of crowding created by faster speeds 
make possible higher production and lower chemical consumption 

The production of a wool-scouring tram is generally expressed 
as the amount of raw wool scoured per hour For a four-bowl tram 
of 48 inch width, the production may vary from 1,000 to 3,000 
pounds, depending on the shrinkage of the wool itself and the speed 
of the machine In terms of clean-wool production, the output may 
range from 500 to 900 pounds per hour Based on various shrinkages 
and the possible maximum production of 900 pounds of clean wool 
per hour. Table 6 gives the approximate amount of grease wool 
that can be fed to the scouring train 

TABLE 6 

AMOUNT OF GREASE WOOL FED TO THE SCOURING TRAIN 


Per Cent Shrinkage 
40 
50 
60 
70 


Pounds of Raw Wool 
1,350 
1,800 
2,250 
3,000 


Temperature at the- different phases of the scouring process-plays 
an important part ,in, the ac^evement of maximum efficiency A 
temperatufe^'aboveUOO "degree’s F is necessary 'to "liquefy- the wool 
grease smee the^ me3finfTpoint is' about lOO'^degrees 
spapTcam^i^ciently, only, when .the,, wool wax iS'in-a-liqmd,;form 
In the event tiiat the 'first bowl is used for preliminary steeping 
or de-suinting, temperatures between 90 and 110 degrees F have 
been found to be most satisfactory In the heavy scouring bowls, 
temperatures in excess of 130 degrees F should not be necessary, 
provided the proper balance of detergents is maintained In the 
rinse bowls, between 110 and 120 degrees F has been found to be 
the optimum condition for satisfactory rinsing 
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The Soap-Alkali Scouring Process 

The three primary chemical agents utilized 
in this type of scouring arg^vaterj-alkah and .spj^p ^ch of these 
performs a specific function in tlie chemislry^ Ae scouring process 
and considerable quantities of each, subject to certain standards and 
specifications, must be available to the wool-scourer 


Water and watcr-sojtening methods The availability of a large 
supply of water is a prime requisite The volume capacity of the 
average 48-inch scouring line may run between Sj^Qy^and'-^d 0,-OOQ 
gallons This volume of water must be available eacn time the water 
is changed, which may be once every ^jeight hours -or'onlyonce^apveek 
In addition, replenishment, rinsing ahci operational losses in the 
bowls necessitate an hourly consumption of between 500 and 2,000 
gallons of fresh water This amount depends upon the type of w'ool 
scoured, the period of effectiveness of the scouring liquors, produc- 
tion requirements, the number and tlie capacity of the scouring 
bowls, the scouring procedure and whether or not grease recovery 
equipment Js employed Water ^pres »as 'i:h6-'Bolution'*mg^Uini, JSS-"* 



in 


atSuilaanl supply, of minimum hardness and free of sediment and 



mdicatrve'^its degree^f hardness|Toi^ insoluble j>papsjn the_scou^ 

j^^ough»Jnteraction_wJth--the soaps used-ancf^forined 

therein These insoluble compounds adhere firmly to die fibers and 



when^ferfossible: wool scour- 

mg oediment and suspended matter may be eliminated by settling 
often accelerated by chemical treatment Table 7 offers a quantitative 
measure of the varying degrees of hardness On this scale, ivater up 
° P^-^^B^LJ5dhQp,jT ^dness is permissible for wool-scouring 


TABLE 7 RELATIVE HARDNESS RANGE FOR WATER 
(In parts per million) 


Less than IS 
IS to ^ 
so to 100 
100 to 200 
0\ er 200 


Very soft water 
Soft water 
Medium hard water 
Hard water 
Very hard water 
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I s ixnur- i.otn-i!}}c more liiajj ^6 parii per nuHion of hardness, 
>t js hKcb ,io ‘Ihc lurdness can be removed 

bv a pnve-s rn!!tf) 11 k* two methods of softening 

cuihint n!y U'-td iodi\ are (1) the hme-voda method and (2) the 
rcoljtc mtthol. ibc qn.miiiiti oi lime and soda required for the 
1iinc-<i'>th procc'*. .ire title rmmed by the hardness of the water 
Tlie «ioftcnmi: is cirnid out In mc.ms of an aulonwtic apparatus 
'Iheic arc iv.o kinds, n.umh, iiiitimittent and continuous softening 
In intc.*^mtt!< nc seftemng, the nater is mixed \ulh the necessary 
chemicals and the precipu.iltd hardness allowed to settle Ihcjclcar 
sofu'iitd vattr n then dnwn ofT In contmuous softening, tlie'^p^re- 
cqntatcd matter is remoted p.irfl} by gi^\’il5%"but'cliieny by means 
of a filler. 'lips form of ajijj.iJ.itu& is more conxcnicnt, since it re- 
quires it'^s room 'ilic essential parts of a water softener are a 
rcigcnl tank that is at the same tmiC'a precipitating tank, the filter, 
and a soltiwatt^r tank 'J he principle of the ehcmical reaction is that 
the soda and the lime react with the calcium and magnesium salts 
present in the water to form insoluble compounds winch slowly 
precipitate. This„prccipitaiion can be facilitated by the presence of 
alummunj^couipounds The time required for the settling is about 
five hours m the intermittent tj*pe 'Ihrough the Iime-soda method 
the hardness of (he water can be reduced to J. 5 ^grains pe r g allon 
only. ’ 

To a la rge _c .xtcnt .the. zeplitc method has replaced the hme-soda 
method Jl'ljis method depends upon the use of special minerals called 
zeolites, which are silicates of aluminum combined with calcium or 
sodium They occur, in natural deposits as green sand, found largely 
in the southern part of New Jersey After washing and stabilizing 
the green sand, the zeolite is m the form of the sodium salt When 
hard water is brought into contact with the zeolite the sodium is 
replaced by calcium or magnesium, thus forming calcium and mag- 
nesium salts The sodium remains in the water as a bicarbonate of 
soda or sodium sulfate The reactions with calcium bicarbonate and 
sulfate are 

Sodium zeolite + calcium bicarbonate = calcium zeolite + sodium bicarbonate 
Sodium zeolite -{- calcium sulfate = calcium zeolite + sodium sulfate 

To soften water by this means, the hard water is allowed to 
percolate slowly through a layer of this granular zeolite The water 
which issues from the zeolite filter is almost free from both calcium 
and magnesium — its hardness is 0 The reaction continues until all 
the sodium zeolite is changed into calaum or magnesium salts, 
indicated by hard water issuing from the filter If the calaum or 
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magnesium zeolite is now treated with a solution of salt, tlie sodium 
zeolite IS regenerated: 

Calcium zeolite + sodium chlondc -*■ sodium zeolite + caldum chloride 

The soluble calcium chloride is carried away with the salt solution 
The residual salt and calcium clilonde is washed away with soft 
water and the regenerated sodium compound can be used again 
The cycle can be continued indefinitely. 

■^^flfL»jrhe^Sist9nce.^f anje^alijs required in. the emulsification 
JL bs_.wpoL fat.,and_dirt and to effect “a "^ai^ial sapomficaffon of 
the tree tatty acid of tfie'‘'raw wool greaSff wiSf the “"folii&tion 
of natUi al‘^Oe[p5“'"Tlie'’'clieapest and most effective alkali for tins 
purpose has been found to be soda ash or sodium carbonate^ Its 
action IS sufliciently mild so that, under jiidimous control, no dam* 
age to the wool fiber occurs, despite the susceptibility of the latter 
to stronger forms of caustic Soda ash is a vailab le frnmj arge-chenn* 

l orni of a fi nely d ivided wh i te powder, vdjigk 
is99j)er c^t sodium (arbonate or 58 ppr rpntlgn diiiTn nxide jitmay 
Deobtained'in 100-pound"Bags or barrels ofTn ISulk It is most easily 
handled in bags and, being in powdered form, is easily dissolved 
In most scouring mills, the alkali is added to the scouring bowls 
either in a solid or a dissolved state The possibility of locahzed 
action ^d fiber damage is far more likely with solid addition, 
some of the alkali may adhere to the fibers and be earned on through 
the nnse bowls and remam ivith the wool The solid ash is added 
either directly to the bowl proper or is placed in the squeeze roller 
sumps, wherefrom it is dissolved and carried off by the squeeze 
iquors Soda ash solution may be piped directly to tlie scouring 
bowls or added from side tanks by means of pails The^o.sLsuitabIe 
_means^__addition is directly through pipe lines into the scppnng 
bowls through wfiiQiThe flow^of soliifioiT ma^ fie controlled by dis- 
penses, fixed orifice plugs or patented flow meters calibrated to 
regulate flows from 10 to 100 gallons per hour. The lines are gen- 

prsillv frrotn«-tr ^ « « . * - .* 



o^,mixing^nk,of Jjetw^!en,300.and 500 gallons' capaaty.ggnipP^S 
^''^iHlJ^agltetor^and cold, and warm water inlets as wjell as a'St^ 
te-saarge overhead storage tahk of between 500 and 1,500 gallop 
rapaaty for storage, and a pump to transfer the stock solution fro^ 

Because soda ash is highly soluble, 
solution may be relatively high, g^®^ - 
hetyrgetufiO^d J,0O.,pounds. per^iOO-gallons. 
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addJtiOD to th(^ natural soaps formed, by _ saponification 
dunngTlie scouring process? considerable quantities of regular soaps 
yc’^ qUirjed. There arc tremendous numbers of common soaps and 
syritlfetic detergents on the market at the present time Three factors 
should be considered in determining the suitability of these products 
for scouring; (1) chemical jcomposition, (2) scouring efficiency^ and 
(3) , cost Generally speaking, the most suitable soap should in- 
corporate a high degree of^^splubihty and rinsibility, it should be 
neutral in respect ,tp free causSc_or free fatty acids, and it should 
be stable towards hydrolysis, oxidation and rancidity Experi- 
ence has shown that low, titer^-sodium flake soaps provide the 
greatest money value, considering scouring effectiveness per unit 
cost They also possess other desirable characteristics The. titer of 
a soap, refers, to, the melting point of the- fatty acid., from which the 
SQapJs.ma4e Experience has indicated that sodium soaps are superior 
to-Og-or<‘^potash soaps in the matter of money value, rinsibility and 
resistance to hydrolysis and oxidation Vgrjpus„^ynthetic .detergents 
\ yhich have be en ^aoplietLin Avool-scouring have been-found- incapable 
of replacing soap or alkali or of linproving’the quality of scouring 
C!fi!®i?8^^^itlI^,*USS.'bI31kaIi ''Furthermore, fheir'cdst in‘ compaVison 
to that of soap and alkali makes their use prohibitive Stock solutions 
and feeding equipment similar to those described for alkali dispensing 
may be applied to soap additions ■Generally a ^concentration of 
between 4Q..and 60 pounds per 100 gallons” IS mdsrsuitable 
Removal of the impurities from the wool fiber through the 
soap-alkali process involves an emulsification and partial saponifica- 
tion of the wool fat and suspension of the dirt particles, some of 
which are colloidal in size The , solutions utilized, for this,pu^ose 
possess^trong suifaceractive .and- suspension properties Al- 
though soap solutions ’alone incorporate both of these characteristics, 
their capacity for reducing interfaaal tension between grease and 
" fiber is inferior to their colloidal-suspending power Xhcnaddition 
of_jiJkaIi--accelerates their, penetrating poiver, and reduces^intw- 
fac ial -t ensio n co nsiderably, although the dispersion and the sus- 
pension capacities are diminished The amount of saponification 
which occurs in the scouring process is a function of the free fatty 
acid content of the wool fat, and this vanes with thff type, grade, and 
origin of the wool Fme’T^Tfolsmf’high-greasejcontentJYit.h,a_ resulting 
high soap formation capacity make the scouring -of -such-wools- very 
econornical, since only adequate ad ditio ns ofjallgh^are required to re- 
plenish that utilized in saponifying the fatty acids, whcr.eas-4ower- 
gteascccoiitent yKOols,,.which« are- incapable of^^formibg jiaturaL-soaps 
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as-rapidly^as they are dissipate jQ'.opej'ational lossea,wReqjiire periodic 
ad^ons_of regular sc^l^Vs well as alkali’ -* ^ 


uc-smnting method In general, it may be stated that two basic 
methods of detergent scouring are the most widely applied The 
piinciple difference lies in the purpose for which the first bowl is 
utilized In the first method, each bowl performs a specific purpose 
and IS maintained for this purpose for its entire life 

this*Gasej.is used as a-3teeping.or. de-sumting ,bowl with the 
temperature maintained between 90 and 110' degrees F At these 
twnperatures, the suint salts are readily soluble and the maximum 
effectiveness may be derived from their colloidal-suspending prop- 
erties to remove as man)’’ of the heavier dirt particles as possible 
It has been found that as high as 40 per cent of the total shrinkage 
may be removed in such warm-water steeping Abov^tlrtr'tSiTnpSi'S" 
tures^ indicated, , the^wool iatf^fu ill-onelt**antf*become,jslippery, ‘caus- 
ing dimculty ^at ^the ^squeezeu-collets Below this temoerature, the 

wooljdo£S-jiQt^qpem--JSufficmntl^^ tp^permit penetration, of! fhe.^uint 

salts-and— to»,allQSL-thejdirt~toTjfeen gage itse lf In certain wools, the 
percentage of suint concentration alone is as high as 10 to IS per 
cent, it IS evident that a considerable accumulation of salts and dirt 
will result therefrom within a short time, depending upon the wool 
production and the bowl capacity Foi IJ^Sa^gason,, periodic pr con- 
tinii.ous»*Tei1t5'cval'‘is«advisaJ)le«in^ order^O'*prevent the concentration 
u reaching the saturation point, at which time the efficiency of 
the bath would drop sharply 

Jhii 6010/4^ „perfoxm-,.tlie~heavy ■scouring, with the 
greater peicentage of impurities removed in the second The tem- 
peratures are maintained ^betweeml 2 fi...anjd -130 -degrees F m each, 
and the bulk of the detergent additions are made therein Since mo*' 
o the natural soaps will be formed in the second bowl, 
mit al charge the additions to this bowl wull be mostly, alkah to 
replenish that used m sapom^Ton'; wfi??^as”'}n the tfiijiilSjyU'J”^* 
receues the " ool_ m„a .muph^-cleaner .statCj low erTconcentrations 
alkali and larger -additions, olsoap^areaequired, the amount depend- 
mg on the nature of the wool scoured 

/”<^,''^/^^*-Aftw/-Vif'-presentYaQnA.asja^i:inse They w 
soap^ alkali, grease, and dirt carried over by the wool fr 
the heay scouring bowls If the previous bowls function 
the wool w'lll enter the rinse bowls at the desired residual gr<»' 
content so that no detergents sbpuldJie,.needed While some scourers 
Oin« V^^^l^^-^^-a^oap rinse in the fourth bowl,,-expenenCC_^^^ 
hJIumills^nperating^a^^UErbowJ-jtrain -tliat .eNcellent-col®*^ 


A 
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jFjlitUrc^carubc obtamcd wjtli just a. warm-water -rinse The most 
satisfactory rinse may be obtained at temperatures betweenJll^jand 
120 degrees F «— 

Co\mtc)^Jlow method In the second method, a counterflow of the 
liquors' is employed in ^\hlch the overflow liquors from the fourth 
or fifth bowl are run back continuously through the train to the first 
bowl Detergent additions are made to the first, second and third, 
first and second, or the second and third bowls, with the flowback 
carrying the soap and alkali back to the first bowl This method of 
scouring is far more difficult to control, since the volume of the 
flowback IS not easily regulated and is continually affecting the 
bowl concentrations Furihermore, the buffering action of the suint 
salts jn the first bmyl^ prevents maximum formation of the natural 
s^R^'^o thVt flic" soap consumption is invariably higher and the 
aUcali slightly lower when using this method. It may be concluded 
thatr-AvhiJe,the-suint'-saIts. 4 )ecform^a.^se£ul-functionr.by.,^hemselves 
•^iU ^the scou ang..»operatiOD>uo.^tli6~pfesence_ of s pap-and -aJkaJi-ihey 
retard the ^omang^efiSgicncy 

Tables 8 and V show the quantities of detergents and other 
pertinent data for operating a four-bowl scouring tram by each 
method on 64s Australian wool at a production of 1,500 pounds of 
grease wool per hour 


TABLE 8 OPERATIONAL DATA FOR THE DE-SUINTING METHOD 


Bowl 

1 

2 

3 

4 

Length, ft 

32 

24 

16 

16 

Capacity, gal 

2,000 

1,500 

1,000 

1,000 

Initial charge, lbs 

Soda ash 

— 

75 

10 

— 

Soap 

— 

10 

7 

— 

Hourly addition, lb 

Soda ash 

— 

25 

5 

— 

Soap 

— 

— 

3 

— 

Immersion time, min 

3 




Temperature ®F 

100 

130 

125 

120 


The data given in Tables 8 and 9 represents a starting point and 
..nnt fl-^iinivA Kgal prqrpdp rR^ applicable to scounng all types of wools in 
all types of w'ashers As mentioned prevjously;,^ade,^r^in^and 
chemical characteristics a re_thg^ principal factocs^goyefrijng^pro- 
• cedur^ :;F^'oni^ing,‘"fH^^^ jong;;:ViQpJ-Jypfis-ace-less 

susc^ible- to the achon oThigh-alkaline conce DtratK)ns.Jhaiu.are/ 
thp fihp i^ools y Thev are, likewise, hravier ednsumers of soap, since 
not possess the potential soap-forming capacity of the finer 
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9 OPERATIONAL DATA FOR 

THE 


COUNTERFLOW METHOD 



1 

2 

3 

4 

32 

24 

16 

16 

. . 2,000 

1,500 

1,000 

1,000 

80 

30 

10 


10 

5 

5 

— 

. — 

20 

5 

— 

— 

S 

10 

— 


Bowl 

Length, ft 
Capacity, gal 
Initial charge, lb 
Soda ash 
Soap 

Hourly addition, lb 
Soda ash 
Soap 

wools jcounng depends essentially on a correct balance be- 

teP-soAE.and^k^;c£,fic6ntratjon^ 

scouring all types and grades of wool, concent rations,j of,_sod3.^ ash 

JLOCLgallonsi-are. most satisfactory 
n tne case <h fine wools, soap concentrations will regulate themselves, 
w ereas with m&ium^audAqng ;vypols,.soap additions’*must 4 be'made 
acTOrdingto^e,nteds.indicatediy control 

ontrol of scouring In view of the tremendous number of variables 

involved, the wool-scourer^U5t ayoid^the^pitfall of reIying-4ipon 

’2^?irP?PP5l«r,eanvwashing^diSerent-wools. SomrofTfie evidences 

ot tauity balance of detergents are depicted in the following ex- 
ainpies. (1) insufficient soap and. alkali— poor color, appearance 
and high residual grease content, (2) excessive alkali— harsh feel, 
fool ° ^ high pH, (3) excessive soap — ^sticty or tacky 

, yellowish coloration and stringy appearance, (4) excessive soap 
anri 1 poor colov, Stringy appearance, lack of luster, high pH, 
and high residual grease content Each of these deficiencies is costly 

vespect to the quality of his top or yam, the 
tinnai K " succeeding operations, and his OP^^' 

^°?trol instruments have been devdoped by the 
tbo #. "hemical Paint Company which make possible rapid, on* 
determination of factors most perfanent to proper scouring, 
residual grease content of the scoured wool as veil as 
me aikah, soap, ^^se, and dirt concentrations of the scounng liquors 
^ hdpful m setting up scouring procedures to obtain 

strumpi^', minimum chemical consumption The^*^ 

saJt_concentrationsis a _coruductanc£^eter, 

fis alkaline concentrations during tl^ scounng ' 

maintaining control of the individual batlis Of ^ 
acids vanrl f ’ titration of. the-liquors with the- use JiL-standa 

.^ds^nd .indicator^ solutions is tlie^mosUdimentaiy However, m 
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accuracies in the estimation of end-points and the time-consuming 
nature of the procedure, espeaally in attempting to control more 
than one tram, prevent wide reliance upon this control method Such 
titration, however, indicates the formation and steady building up 
of sodium bicarbonate as a by-product from the saponification of the 
fat^ acids by the sodium carbonate, and it shows how the total al- 
kalinify of the bath increases, although the soda ash concentration may 
vary only slightly These bicarbonates have a buflPenng action on the 
soda ash so that the possibility of damaging the wool fibers as the 
scouring progresses is nullified by the formation of these bicarbon- 
ates. It might be said, therefore, that th ese bicar bonates have a definite 
functipn*'in"^he>. scouring— process On a "single instrumenFliy the 
turn of a s\vitcH, the Mackenzie potentiometer provides control 
of the individual scouring bowl by means of electrodes immersed 
in the liquor The readings are thus instantaneous and they indicate 
the total salt concentration of alkali in the scouring liquor, a close 
parallel to the total alkalinity found by titration pH control has 
proved unsuccessful due to the cumulative and everchanging nature 
of the scouring process and the fact that pH is a relative measure 
of alkalinity ; thus a quantitative measure is required 
With control scouring, it is possible to provide a scoured product of 
any desired residual grease WoolJfor-nse-in.woplenjnaterials may be 
scou red-am rwhere fro m 1 to 3^er cent ^idual«grease^ontent, with 
the majorit^niavonng afipuTi'-^^^er'^cent Wools for ^worsted jcpn- 
surBption*-geneigny^Iaur.e^aintained-Jietween 0 25 and 1 per cent 
The specifications in Table 10 represent th^ari^of chemical condi- 
tions in a well-scoured wool 

TAB1.E 10 SCOURED WOOL SPECIFICATIONS 


Residual grease content, % 050-075 

Residual soap content, % 050-075 

Ash content, % 10-15 

pH 90-9 8 


Wool Grease Recovery in the Soap-Alkali Method 

Because of the objectionable nature of the effluent scouring liquids, 
pressure has been brought to bear upon the mill operators to subject 
these refuse liquors to some degree of purification prior to their being 
emptied into the stream Two types of purification treatment are 
generally employed' (1) acid craving, (2) mechanical separation 
The former method is the older and has had wide use on the Conti- 


A'£kptca?j Wool Hakdhook 


ill 

rrrtL litf* Intiti nvii/ivi, uluth Iws gninul w'Wcr flt^aptancc jn L®* 
T'n'^i:"l tlH” Aihcruan Clumicnl Paint Cotupanv' 

tU' was a(!apt»'*I mwi Iht.* French Duh^:'*r *■ 

r?!*’ ; <if this nidtnJc the rcc(rv',rft r-t 5 

^{'r^uiv t. lov\tf c*Lt. higher jjrOfh’Cti'oi. thTr«y,*h * 

.‘■’Mi' - }<{critti*,i or !trjjtf*r anr! a nwnmusn? rti'uven v‘i* 

'I he pr.t'r.ph «■ art'! procedure’; of jcourittf' W'tth iTTcasc rtcovcT>' 

'di {th {h>}'».» of M-rninncf ouiHntd a«;')\e The dc^suttrSinr i^^*^*"* A 

h“,'s r»* ’ ’i(n‘ FirK, .i.- arr t' e hca\> scourinji anti rtn^e Iwwls in Fif ^■■ 
' M'v,‘ dfern'T' o* th'* hni’dlinjc of t'‘e Iifjuors wntler tlte Atncn^a- 
1*, jri p’-ixt'i'' shown. Jn i!»t^ md1tt/-d lh<s grea<c a.'"' 
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scouring liquors of the heavy scouring bowls are subjected to high- 
speed centrifugal separation, which effects a partial removal of the 
grease and dirt The degreased liquors are then returned to the scour- 
ing bowls and reused Usually, these installations are made in such 
a manner as to be sufficiently flexible to permit all varieties of di- 
rectional flow to cope with differences in machinery, types of wools 
scoured and other pertinent factors Systems have been set up utiliz- 
ing first-, first- and second-, second- and second- and third-bow I 
recovery Of these, the latter two have been found to be most efficient 
whenever conditions are suitable 

In recovering from the second and the third bowls, the squeeze 
liquors are taken from the squeeze roller sump on the second bowl 
and pumped through a heater in which the temperature is elevated 
to 190 degrees F They are then passed into a settling tank of about 
3,000 gallons capacity, which is divided into three compartments, 
each having 60-degree pockets with valved outlets The liquor is 
skimmed f roin the surface of the last compartment and passed through 
a De Laval centrifuge, wherein a three-w'ay separation is effected 
The grease ejection is collected, and a sludge discharge of from 100 
to 250 gallons per hour is run into the sewer The degreased liquors 
are pumped thiough a heat exchanger, wherein the temperature is 
lowered to the proper scouring temperature, and returned to the 
third scouring bowl The overflow from the third scouring bow-l is 
directed back to the second, thereby completing the circulation Na- 
turally, similar charging and replenishment of the detergents is re- 
quired in this type of scouring However, tlic longest possible 
retention of the liquors minimizes losses m production and allow's 
greater economy in the chemicals required Under certain conditions. 
It is possible to keep tlie liquors in the heavy scouring bowls for ac 
long as one w'cek without change Of course, the liquors in the dc- 
suinting and rinse bowls must be changed or renewed from time to 
time By this method, from 10 to 40 per cent of the total shrinkage 
of the w'ool may occur in the dc-suinting bowl, from 50 to 70 
per cent m the hcav\ scouring bow‘1 and a small percentage m the 


rinse bowls 

As mentioned presiously, the detergent reqmrcimm*: for tfFextiiL 
scouring arc subject to the ^a^ousph^•.lcal and chemic'>l chara<.f<.r.<itit-> 
of the wool The same applies to the grease \ields from the a’ar.ttvs 
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acting to form their own soaps and, consequently, require more 
chemicals and are quite unproductive in grease recovery. Javost 
.exceptionaljy^expengi ye .t p^,scour.Jb.ecause...Ql3ieir 
t^den^^to ppecipitaj^ soaps jand carbonates from the scouring liquors 
Accordingly, they are poor for grease recovery. Scourmg chemical 
costs and recovery estimates are generally calculated in per cent, based 
on the quantity consumed or produced in relation to the amount of 
^ease wool scoured In Table 11 are tabulated average production 
figures for chemical consumption and grease recoveiy for various 
grades over a wide range of mill experience. Soap figures are based 
on the quantity of anhydrous soap utilized, and grease recovei^*^ data 
are also expressed on a dry basis though the grease is recovered in 
the hydrous state. 


TA^LE 11 CHEMICAL REQUIREMENTS AND GREASE 
PRODUCTION FIGURES FOR VARIOUS WOOL GRADES 


Grade 


Soda ash used 
Soap used 
Grease recovered 


(in percent) 

Fleece 

Fine Medium 

62sS0s SOs-aOs 

2 5-4 0 3 0-5 0 

0 1 - 05 03-06 

2 0-10 0 0 5-4 0 


Pulled 

Long All 
36s-48s 44s-d4s 

3 0-5 0 3 0-60 

0 3-0 8 0 3-10 

0 2-10 0 2-2,5 


The Solvent Scouring Process 

..has been, scoured .with soap^ai^ alkali, smce--ancie nt^tiffl ff( 
Though this IS still the pnn3pal-^aB3”a there 
process radically different in principle but very effective that is being 
practiced to a considerable extent at the present time It is a well- 

though uisoluble in water, are easily 
, o^pletely dissolved by organic solvents such as 
Kffoleujn^^ghtha, and ^c^jjon tetrachloride These solvents are 
1 y evaporated at a comparatively low~temperature and because oi 
mis property are known as volatile solvents In the laboratory sue* 
^ extract fatty matter from raw and scoured 

Zn % ^ commercial scale for the purpose of freeing 

year 19^ grease was first introduced in Europe around the 

Milken process was introduced by the Arlin^o** 

Mills at Lawrence, Mass, and by Erben & Harding at Philadelphia, 
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Pa Arlington ha<; employed this process successfully since the 
early 1900s and handles at present more than one million pounds 
of grease wool w’cckly. 

1 he principal operations in the solvent process are 1st, the re- 
moving of the fatt} or greas}' matter by means of a suitable solvent, 
2iid, removing the excess solvent and 3d, washing away of the re- 
maining impurities by means of a warm-water treatment The 
procedure at the Arlington Mills (Fig 9 ) is as follows The wool 
IS packed into large vertical kicrs of 2,500 pounds grease-wool ca- 
pacity. The kier is then scaled and the air evacuated to a 25-inch 
vacuum The. 5 Qlvcnt,^aJngli- 4 est.aviation.gMqhne^ is then introduced 
The extraction of the wool grease is done in three steps, by passing 
thousands of gallons of naphtha liquors of three different degrees 
of purity through the wool The first extraction is done with dirty 
naphtlia (previously used twice) which remains in contact with the 
wool until saturation, then this naphtha is emptied through a valve 



Fie 9 Nanhthalatine plant showiner battery of kiers used for degreasing 
Courtesy Arhnglon Mtlls 
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metoe^ mnhth ^ replaced by a second filling of inter- 

SrvS th^ a ‘pertain tune in- 

new nanhtha naplitlia is emptied and replaced by clean 

oS cent reduces the grease content to approxinutely ^2 

DumneH 1n^rt naphtha of the second and third fillings is 

IS redistilled ^ <^Jrty naphtha of the first extraction 

thmiwli”thA removed by circulating a hot gas 

thrS ^Ih ^ f ^ naphtha is driven off Coming from 

fr through a condeiiscr, where the naphtha 

and then ic’rpf^" heater to restore it to its former temperature 

die kier^. vVcn,?™""^.^® the last trace of gasoline 

f'r«nri.>n ‘^nm-extractcd again, and the evacuated air passed through 

allowed released into an airtight tank Fresh air is then 

After flip thc sj'stem and the kiers are ready to be opened 

manhole discharged through a 

mm .f “"'O “ conveyor, which tOTS- 

wnol tc special scouring machine In this machine, the 

added A oer,«r f * i ”0 Other scouring agent 

flow*? thrniitrii^fV.^^ 1°”^ bowls are so connected that water 

stream action like that of a natural 

like foam wool IS inoved wholly by the current, being floated 

wool art on which form from the potash left in the 

Finailv without violence and require no forcible ^courmg 

on to a’ diyer^^^^^ l^uor is squeezed out and the wool is passed 

nf done in a closed system and scarcely any odor 

thev can room Even when the kiers are opened 

safee-uard and”!f without discerning the odor of naphtha Every 
mabk qolvenf uicasure is taken to prevent tlie higWy inflam- 

cordinir t f 4- coming in contact with explosive agents Ac- 

officials of the Arlington Mills, no fire or 
installation ^iq during the long operation of this plant The 

from all ^ specially designed building, separated 

storT^fan?^'' a high wall and connected with the wool 

The ehief departments by two covered passageways 

ms- aual1^v rvf ^he solvent process are the superior worl'- 

anVs 5 tne«°^ the tops and the yarns produced, as well as the strength 
the soan fnd goods It IS said that the defects of 

partS scouring, such as alkali damage and 

and thus can^h eliminated The wool is in a more open state 
e carded with less fiber breakage There is no doubt 
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that from a physical and chemical standpoint the solvent process 
is superior to the soap and alkali process In practice, however, it 
is attended with great difficulties such as the necessity of handling 
inflammable solvents in large quantities and the high cost of installa- 
tion and maintenance These draw lacks have kept the solvent process, 
in spite of its many advantages, from being more generally adopted 
m the United States 

Continuous Wool Degreasing 

Recent years have brought several new developments, indicating 
that the situation in scouring may change in the future. With the 
introduction of stainless steel the machine builders have found a 



Fig 10 Continuous wool degreasing unit Courtesy Smith, Drum & Company 

material which is able to resist the corrosion of noninflammable sol- 
vents such as tnchlorethylene and carbon tetrachloride 
The Derby continuous dry-cleaning process, introduced in 1939 
in woolen and worsted finishing, has proved that this can be done 
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bepin encouraged several machine manufacturers to 

solvent nrnrilc ^ rontmuous wool degreasing unit using the 

Smith Dnim R ^‘^ure 10 illustrates a model machine, designed by 
treatinV flip ^ Company, for the continuous degreasing of wool by 
Se Aftir niat form as shown em4ing from the ma- 

dmt whinh ^c^ recovered and reused The 

mlchmp ii ? processing is delivered from the 

wool eTpa<!P 1 C 17 some fertilizer value) and the 

the cf^ntprriirrA f recovered The solvent processing section employs 
to the marbiTifl system and the amount of fresh solvent fed 

left in the wool varied to control the amount of grease to be 


Frosted Wool 

in process was introduced as new and revolutionaiy 

installed thT. ^0"^^ War II The two mills that 
The undprfmtf^^^ discontinued its use at the beginning of the war 
to sufficientlv principle of this process was subjecting wools 
heitl to frp7 (30 to SO degrees below zero Fahren- 

oDeninp- anH natural grease content thoroughly, and then 

inff orocp«^ subzero temperature The freez- 

It to a nnwdpr^”n, ®“^®^9uent openmg and dusting shattered 
the wotd ShTicV^T^^ ^ removing a considerable portion of it from 

The wool’ cn earth impurities were also shaken out 

but srurm °il? ^ dry, open, and lofty state, 

in the wool^ necessary to remove the grease and dirt remaining 


WOOL DRYING 

than SO^^oL^^^r^f enter the dryer with a water content of not more 
may be n^e^carv prevent low drying pioduction Extraction 
of the wool Thp^r.*” ®°T'® nulls to assure the proper water content 
ajr,,produced hv c?^^”*^^^*5i*^ejD5Qdern wool dryer is a flow 
iiir m 1 1 ^ f ^^'•Py^^^^eed^ei ^er iiTi^sep m^ ai^ coin^ . 

»s towarif '/ hi tTFr’ ’ circulated by means of fms The tendenc) 
than hiffh ten^A circulation at low temperatures rathe 

mgn temperatures with no piovision for forced arcula- 
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!!nn f>i dnrr^ .Tt i< u'letl Tlic two pnncipal 

ltrrm<i arc. (1 ) •^jup’r aj>s<»n flrv<'-* o- t.u dircct-path type, (2) mul- 
tsp’c nj>r««n fi'-rcr'i il,rer or nj<ir»* .*|>rnri«. 



Fir 11 SiiiRlc'.-ipron dr>er for loose wool 
Courlcsv James Hunter Machine Company 


Single-apron dryer 'I his type of dryer (Fig 11) works as follows 
the wet slock falls onto the wire aprons at the feed end of the diyer 
As it IS earned up on the conveyor or through the dryer, the hottest 
air IS applied at the feed end of the unit The stock passes froui section 
to section at a predetermined speed (heating coils are graduated), 
giving up Its moisture gradually The temperature of the air m each 
succeeding section is lowered in accordance with the moisture content 
of the wool The last section of the dryer at the delivery eiid serves as 
a cooling device, and the material is delivered from the dryer with a 

normal moisture content of about 12 percent -t-i, t u 

The air circulation in the dryer is as follows The fresh air is 
sucked into the dryer through an inlet located at the dehvery section 
of the machine As it passes through the warm stock the air gets a 
preliminary heating as it cools the stock The air is then su^ed 
into the first fan inlet, and discharged through the heating coils 
After passing through the heaters, the air down throt^h 

the stock, so no upblast can lift the stock up and off the aprons Thus, 
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the air current is split up, some o£ it 
reaming to the first fan for redrca- 
lation, and the balance being sucked 
into the fan inlet of the next section 
Tnis method is repeated as mai 5 
times as there are sections in the dryff 
until the air, practicallj^ saturated, is 
exhausted bj' the fan in the feed sec- 
tion. 

The size of the single-apron di 3 *ers 
varies from a machine 28 feet louf 
and 10 feet wide with an hourly capa- 
city of 600 to SOO pounds grease wool 
up to a drj-er 43 feet long and 10 feet 
wide with 1,200 to 1,800 pounik per 
hour grease-wool capacity- The single- 
apron drj-ers today are considered llje 
most efficient in di^nng capadQ'' and 
by far the easiest to dean 
Multiple-apron dryer This 
of drn-er (Fig. 12) is used to a con- 
siderable extent in woolen mills ana 
is espedally useful where the fin^r 
space is limited. To obtain the proper 
capadtj' the drying surface has ^ 
be built in hdght rather than 
length as m the single-apron 
These drj-ers are generally made 
three or e aprons, hence "mulftp’^ * 
apron dryer. In this type of 
the material passes tlie length ^ 
madiine on the top apron, thra 
to the second apron, where 
traverses the drjnng chamber. It tr ‘ 
drops to a lower apron, returns t - 
full length of the donng 
and emerges from the dryer. ' ^ 
this arrangement the stock is 
over twice on its Asny 
machine, permitting more unit ^ 
diying. Because of this 
diyer is of special value for 
long-fiber stock or semicotted n 
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These dryers arc made with cast-iron frames, steel panels and asbestos 
insulat on , the housing is similar in construction to the single-apron 
dryer They are also made in varying widths and lengths to conform 
to mill requirements 


BUR-PICKING AND CARBONIZING 

All wools contain a larger or smaller amount of vegetable matter, 
j^>^f«.?i:ed5jJ:wigs, JeaxeSj^qrjstraw^picked up^by the sheep in grazing 
jnatter-is generally^ referred to as burs and the 
fleecesv^iich contain them in large amounts are referred as to 
buny wools or fleeces 

The variety of vegetable matter present in wool is as wide as the 
variety of vegetation found on the sheep ranges of the world Prob- 
ably the most recent and best source material on this subject is by 
Milthorpe® who lists over 50 species from over 40 genera However, 
the vast bulk of vegetable matter commonly found m wool is com- 
posed chiefly of a comparatively small group of plant burs and 
particles A photograph of the most common types of vegetable 
matter appears m Chapter 23 on page 945 

The most common types as described by Wollner, Tanner, and 
Michelson® are the following 

(1) Spiral^ bur , tr.e loil bur, or bur clover (genus Mcdicago), is 
the typV'occurnng most frequently and the one„most„diflicuIt^to 
Kemave-meclianically It may be present in scoured wool to the extent 
of 30 per cent The burs vary in size and weight The large burs 
are 5-7 mm in diameter and have an average weight of 14 mg The 
medium burs are 3 5-5 mm m diameter, average weight 10 mg The 
small burs are 2-3 5 mm in diameter, average weight 5 mg 

(2) Shive, which is the term commonly applied to small plant 
fragments and slivers, is encountered very frequently It has been 
found to comprise as much as 6 per cent of some scoured wools 
Shives are very light, usually under 1 mg per particle, so that a 
very large number may constitute only a small percentage weight 

(3) Cockle bur or Bathurst bur, (genus Xanthtum) is the next 
in order of frequency of occurrence While it may occur in \er_j high 

“MiUhorpc, E J , Vegetable Matter m AVw- South IVales JVool Cltf- The 
Central Wool Committee Testinp House, Sjdncj 
"Wollner, H J , Tanner, L and Miclielcon, I , Jwerieau D%rstuf Reporter, 33, 
pp 37S-8, August 28, 1944 
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percentages in some raw wools. It fallb out comparatively readily 
in picking and scouring, and therefore rarely exceeds 5 per cent 
in scoured wools. The largest size, called the Noogoora bur,' ranging 
up to mm has a very thorny body firmly entangled in the wool, 
out IS seldom encountered The medium size burs are 10-12 mm 
tong, average weight 63 mgs. The small burs are 7-10 mm. long, 
average weight 41 mg. 

_ (^) Sandbur, (genus Ccudrus), occurs occasionally in some wools 
■It has a few long, sharp, rigid spines, does not fall out of the wool 
easily, and rarely exceeds 4 per cent in scoured wools. These burs 
do not occur in clumps Those found in wools range from 7-11 nini 
m Size, average weight 17 mg each Sand burs arc very similar to 
e smgle fruits from tlie genus Bassia spp. such as galvanized bur, 
roly poly and others 


(5) Barley grass (genus Hordeuin) is occasionally found in small 

quantities, rarely over 1 per cent Measuring 8-12 mm , these burs 
average 5 mg. each ^ 

(6) Paraguayan bur, or sheep bur, (genus Acmithospcnnum), has 
oeen found m a few wools It is fairly smooth, with a few longitudinal 
co^ugations, and falls out of the wool easily, so that scoured wools 
seldom contain as much as 2 per cent. The burs are 5-7 mm long, 
average weight 15 mg 

If the burs are not removed from the wool after the scouring 
process they are broken up into innumerable small particles during 
succeeding operations, mainly m carding When present in large 
amounts, they cause considerable difficulty m all manufacturing pro5' 
esses 1 heyi^may , damage the card cljothing-and combs Remaining m 
e roving they cause the yarn to spin unevenly, resulting m many 
^ part of the yarn, the burs will pasj 

,.1 manufacturing processes and into the finish 

, ° known by various names such as^pecks,Ljnotes,-an 

urs_WegetabIe matter does not absorb wool dyes in the same pr® 

consequently, the burs are noticeable on 
the surface of piece-dyed cloth as specks of a lighter color or no 

SiSie " 


necessitate the removal of all vegetable ma^ 
moval earliest possible stage of manufacturing 

anjd drying, „by tvjp^etho 

choice 2) bvTfie cTTemicaT joejhO^ ma- 

terial ,^f^*^^’'*|epends entirely onTtlie 'purpose for which the 

be used later on If it is intende d t hat the material ^ 

•»» 
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sccond buf Cylinder which runs at a speed of 

the wool from the first 
^*1 ® stripping action reverses the position of the stock in its 
firct ^ cylinder, so that the fibers which were innermost on the 
in on surface. The second guard, which works 

IL ? cylinder at a speed of over 1,800 rp ni, nipes 

tiie burs from the cylinder and throws them out on top of the pi(ier 
in 0 a bur pan from which they are removed by a leather clearer, 
frn!^ transversely on the housing The wool is finally removed 
I b}'^ a brush which consists of w'ooden cross- 

fhJn stiff bristles and ten lags, rotating at a speed of more 

^1 , ’ r p m Anally, tlie wool is conveyed by a suitable pipe to 

! room This machine is especially suitable for short wools 

fh f burring long-staple wools, there has been developed 

tnnnii "’bich IS somewhat similar to the inulbplex 

sfrin iPf unlike the latter, both of its cylmHerT'sunu’r^ebuil} 
strip stock from the mam cylinder 

spi .'Yffh-.three sets of bur ■Cylind ers, a, fine 

Wimn.set4or^iedi^^ set 

IS that, if a cylinder with fine 
hpi\v#.ori Stock, the wool wull not penetrate the spaces 

^ 1 ^^so, some of the fiber will be broken 

p-uar<f< knocked into the bur box by the 

used fnr fin ^ °*ber hand, if cylinders covered with coarse teeth are 
cast out ^ stock, much of tlie wool aviII be pulled from Jt and 

A. more recently developed method of 

Peralta rntle5” vegetable material from the wool is by means 
prSis be attached to the cards Th>s 

The obiert nf ^ull m the chapter on carding (Chapter 12) 

or shivel rollers is to crush any hard, thready material {h«f 

or siiive; present in the card sliver 

Carbonizing 

known as. 

means nf ^ °P®^^bon is to destroy the vegetable matter h) 

S^mum Sfn ®J^'^^"‘^^^i^^^9-or'-hyd^ocWorlc, qT by salts such as 

produce acids when Seated to highei te^ 
WZved bJ reduces the vegetable matter to carbon wjnjh - 
y echanical action during dusting and neutralizing 

N 
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far_ superior to., burring- -because^eyerjutrace-of 
^®S§JaWejtnatter^can-b^removed. Two procedures are followed the 
sulfuric acid process and the aluminum chloride process In the 
sulfuric acid process, the wool is treated in four steps 

1 The steeping of the wool in acid 

2 The baking or burning process 

3 The dusting of the wool 

4 The neutralizing of the wool 

The first operation is the steeping or immersion of the scoured 
wool either wet or after drying in a 3 to 5 degree Be, or a 4 to 6 per 
cent solution of sulfuric acid at normal room temperature The length 
of immersion time depends on the equipment available, the character 
of the wool and the amount of burs present When soaking is com- 
pleted, the excess acid is removed by hydroextraction, vacuum- 
extracting or squeezing through rollers, leaving a moisture content 
of approximately 40 per cent, which is equal to 5 to 6 per cent of 
actual acid 

After the extraction, the wool enters ajmea allv built~ dry er or bak- 
UJgfiYen, where the wool is subjected to gradually increased tempera- 
tures in the succeeding sections, finally reaching a temperature of 200 
to 220 degrees F at which the baking takes place In the previ- 
ous sections all the water has evaporated, leaving concentrated 
sulfuric acid Under the influence of the concentrated acid the vege- 
table materials become charred as a result of the loss of the chemically 
combined water 

This charred substance, which is chiefly carbon, is removed a 
mechanical crushing known as dusting In the dusting procedure the 
wool passes between a series of heavy crush rollers that pulverize the 
carbonized matter, which is then shaken or beaten out of the wool 
In Qrder»J:o>rcn iove _th p-exrRSS-acicLand..tQ _make _the ooLsuitablc 
for subsequent-operationa,-neutcahzingjsjaeQP 5 Sar 3 '^ The principle of 
neutralizing is base d on. the saltribrmin g-PrQDei±ies.QLthc. acid ^\hen 
hrniip-bf: in rnr^tart with an alkaln The most commonly us ed afOnPis 
soda ash or_ sodium, ca r bonate For this purpose the wool is rinsed 
first in cold water and, afTer at least 50 per cent of the acid is re- 
moved, ^ is-t neated in^a;weak.^oda,bath^for.,complete.neutraliza(ion 
Wlien^iece ssan'.^ ifijS ^ss alkali is rcmo\_cd by rinsing 
Neutralizing is'carried out hr the wool-scouring train Four bowl'; 
are usually employed The first bowl is lead-lined to pre\ent corrosion 
bv the acid It is built as a rinser w'lth a continuous flow of fresh water 
The second and third bowls arc neutralizers, containing a weak soda 
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solution at a concentrafaon.of^one-tenth^^of J ^ger^cent. The^ourth 
bowl is kept sUghtly-alkklme and soapl'/Dax^be^ added to improve the 
color-oLtlie 'sfock Soap can^e acTded in the third if the wool is ver}' 
dirty Commission carbomzers add a blueing to the last bowl to 
whiten the wool After leaving the last bowl, the wool passes through 
squeeze rollers into a regular raw-stock dryer. 


The aluminum chloride process is carried out in the same manner 
except that neutralizing can be dispensed with Aluminum chlonde is a 
milder agent than sulfuric acid, and therefore the danger of injunng 
the stock is less The immersion is done in an aluminum cmoriae 
bath of 6 to 8 degrees Be The wool stock should be absolutely free o 
soda before it enters the bath, because the soda will form a precipitate 
with the aluminum chloride, reducing the strength of the brih^ 
thickening it to such an extent that carbonization becomes ineirechve 
The best way to prevent this is to run the wool through a weak 
aad bath before immersion When this is done the aluminum 
bath can be run for months without changing The aluminum chlon 
hydrolyzes to form aluminum oxychloride and hydrochloric ^ 
Much higher baking temperatures (of approximately 250 degrees h 
are required to release the hydrochloric acid The wool then 
the carbonizing duster as before, except that in place of neutralizi g. 
a thorough nnsing in warm or cold water is sufficient 

The magnesium chlonde process is also possible but has not 
used commercially to any extent in the United States The suiW 
acid process is by far the cheapest 

Actually^jnucb-^a^r3niount-^t7»-00i^_ 

carferiized in^the form of piece goods as a part .of the finwhingj^r 
ess. (See ChapteTTOT^Vet-fimshin^Operations ) 

Various types of machines are used for carbonizing The o 
method is to steep approximately 200 pounds of wool in large 
for forty minutes or an hour This method is now being 
continuous movement of the wool through bowls, similar qjjs 
used m scouring, and which are directly connected with a 
drj^er or baking oven In both methods, before the wool or 

baking oven, the excess acid has Jo-be. removed by_hYdxojxtrax**“&' 
■squeezings 

The baking ovens are built on the same prineiple as an 


tJjrgS-Cao.b eJ{ept at a definite level To ensure satisfactory ca*" j|jg 
it IS necessary that all water be evaporated before the wool en _ 
actual baking chambers Two-section carbonizing drj'crs gi'' 
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factory results for this purpose In the first section the temperature is 
held at 160 to 165 degrees F. and in the second section the wool is 
subjected to a temperature of 200 to 230 degrees F A squeeze roller 
on the end of the oven is attached with the object of pulverizing the 
carbonized vegetable matter, in order to facilitate dusting 
The carbonizing duster is built like a willow or opener, except that 
the material must go through a series of heavy-fluted crush rollers 
before entering the cone duster The object is to reduce the carbonized 
burs to powder before the stock is subjected to the action of the 
rotating cylinder 



Chapter 10 


BLENDING AND WOOLEN CARDING 


F or the manufacture of wool yarns it is necessary to assemble 
the various virgin wools, now properly scoured and dried, as 
well as other raw materials such as noils, reused and reprocessed 
wools, not to mention rayon staple fibers and cotton and silk noils 
In other words, the many different types of raw materials must be 
obtained and properly prepared for the subsequent woolen carding 
and spinning operations Such operations may consist of bur pidoag 
for burry wools, opening for tacky wools or materials, dusting ot 
dirty or dusty stock, oiling, mixing or blending, gfametting for thread 
waste, etc Tl\ese op^ationgjare Jiecessary , they are performed at the 
discretion of tKe'si^arintendent of the mill and depend on the 
and condition of the stock as it was obtained in the market the 
number of processes to which any given raw material is subjected is 
guided by the labor required, the cost of the process, the effect of tne 
process on the final quality of the woolen yarn, and the purpose to 
which the latter is intended 


BLENDING OR MIXING 

The object of blending or mixing is thesSmaJ[gf®[ia|ing,o£.diffetcht 
wool^fibe^j^-eused yarns, and reprocessed ya 
of^wool and cotton, wool mid rayon staple, 'or any other ^ 
combination. The purpose may be to create a mixture of colors su 
as heatViprs orra-irc ni- U«.4. #>rkmtYinn1V ^ 


for novel effects exists in woolen yarn manufacture 
f It may appear that the mixing of all kinds of stock is a compa^‘ 

F simple matter, but when it is considered that such ^-5 

differ widely in their physical structure and properties, it bw , 
^ceedingly difficult to choose stocks or such proportions o ^ 
terent raw materials, which when blended or mixed, will 


^tisfactoiy yarn or cloth ^kjlifuLmixmg-may^^ 
mi^,3es^se^gffi^cd or lots, imperfect sto ck. or_addLffiast&JQf^‘^ — ^ 
...,.jnd“-otne^wse be useless orjL^omplete loss to thenul*. 
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However, great caution is necessary to prevent impractical mixes 
that w'lll result in poor carding and uneven or weak spinning yarn 
For instance, when a yarn of poorly mixed materials is examined 
under a microscope, a grou p_.pf .fibers isjcevealed^ii-one^mass or a 
part of the yam and another mass -m.^other part* of^the-yarn The 
ideal mix is one in which the individual fibers -oOts.j:omponent parts 
are so.. .thoroughlv. blended that they cannot be distinguished J^sdy 
and are a perfect amalgamation or blende of them all 

To aclneve'a well-blended yarn, materials .of-iimilar,,iiature.^nd 
chara cteristics must be ch osen which will have a tendency to mix 
readily and thoroughly ^le com ponent^stpcks must have similar 
I fijerJ engths and diameters as well ai^abojut^the same spinning jqual- 
i ties T hey must result" in 'a "yarn of sufficient evenness and strength 
to withstand ordinary weaving and knitting processes as well as to 
dye uniformly, when required 

In preparing such mixes, »eaGh^cQ.mppnent.lpt_rnusCbe welLcleaned, 
opened , and . freed, of. imounties before it” enters "the mix The most 
common” practice in woolen mixing in the United States is to spread 
the materials on the cement floor of a separate room m layers of the 
various grades The different colors or component stocks are care- 
fully weighed out and the grade or type of stock present in the greatest 
amount is first spread evenly over the entire floor to a few inches in 
thickness The next grade, occurring in the second largest quantity 
in the mix, is now spread evenly on top of this layer and so on, alter- 
nating the layers according to the quantities required m the mix until 
all component grades are used up and the whole mixture completed 
as planned 

Some materials are more difficult to blend than others , also, some 
colors show up more easily than others in the carded blend, even if 
the stock IS the same T n 0rdpr t.n-m ake-a.4yood-m13e-1. vJth shoddy, for 
1 nstancer-shect fine - wools are^. genegatiy-iis ed.-he raiipp rt-ip— claotldy 
fibecs-are-s hort and freouentlv of mixed colo rs The longer the shodd}-^ 
the more valuable itisand it ^ts as a fine filler to make woolen yarns 
more bulky 

The addition of cotton to wool in the manufacture of union or 
angola goods is a common practice -Gare_iausL-be..taken~that^CQtton 
is thoroug hly opened i n an o p.ener_or bur, picker before using-it in 
a ny mix C5ttoil~lwra”"different fiberlength and requires different 
imriipulation The wool must be oiled separately and thoroughly 
picked before it is mixed with the cotton, to which oil should not be 
applied The stock is laid out in successive layers of cotton and wool 
and then run through a mixing picker a sufficient number of times to 
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ensure perfect blending For exceptionally fine yam or 
ton andjvool ar^someti^mes^jHij^e^ a 

b eforT^m aking^Sie mix The mixture, in either evrat, is run tteoi^n 
the mixing ^icKerreveral times to blend the cotton and wool in me 
nght proportions American cottons are well suited for taxing win 
wools of various types. Where the wool is coarse, Peruvian or Bra- 
zilian cottons are preferred For very fine wools a long staple cotton 


such as Sea Island should be used. 

If colored cotton is required, it is found that black cosines 
well with all colors widi the exception of those lacking in brightness 
In gray blends, occasionally, a rusty hue is encountered which 

overcome by dyeing the black on the bluish side BjjpalangJ^l 
miVAe Tifrkot Jo ftciiallv WfiPn a little to tajie 


mixes_of wo ol and jcotton ,_^the. la tter.is j isi^Iy blueoX B^^ 
^jMLihej:diaLky--vihite3Epp^mnS^^ 


SJSBy.^ho-djaLky'-whiteSppeamnce.'oWhe!^^ 

In 50-50 blends of bla^ and white, it 'is good policy to dye 
of the wool and the cotton black separately and mix them . 
thoroughly. Colors on both cotton and Wool must be 


cxAVfA wuf^Alljr* WVI1UA9 Vll UUlU VULLUU mill VYU^l AXAMisi. ww 

to avoid crocking in the goods as well as bleeding of the dark 
into the white or light colors Mixes of wool and cotton, espra i 


into tne wnite or iignt colors mixes oi wooi aim cuiwj., —r- ^ 

when mineral oils are used, should not be mixed and then . 
to stand around They should be immediately sent into the car 
prevent too much absorption of the oil by the cotton Of courM. 
to be borne in mind that such mixtures, if not properly 


fiber as to cotton. , . 

When it is necessary to mix silk and wool, some oils 


countered at times with the silk, which is used in the ^nd 

ni* Wfl.cfp cUlr r\^ woefA ilt*A dvcd tO SnSw 


or waste. Generally, the silk noils or waste are dyed to sha ^ 
then thoroughly signed .on, a g arnet or, w asfeucasd. The mix * 
made by oiling the wol^epara^^but no oil is T^ith 

If a large percentage of silk is used and there is j.|. ^ 

the silk, it.jg ay.^h e necessary toLj da mpen th e silkjp~..a glk 
room or T^Twet ^[s oh it ^ ^ater shouid^evaFpe fn 

Of 'course, ah cblorslfiouW he 
ceding ana croddng The mixes are run through the 
her of times to ensure uniformity of mix and satisfactory 
^gatjcare-isuiecessatauto preven t .static d ectri city as 
JBHUSJaU hg ingred ients on ih e cards / .{j£ri 

In the mixing of dissimilar fiber types such as wool po* 

or wool and rayon staple, quite frequently such mixcs^ a ^ 
consistently uniform or they do not remain so when pi^ 
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and fed to the mixing’ picker. To eliminate such indiscriminate feed- 
ing and guess work, the Benoit system of mixing was invented 
(Patents 1,929,344 and 2,141,782) Jnjh is svs temJ:he-stock-is-handled 
in batches or masses „oC a convenien^ize^Jf^ one .operator Each 
15atch-or-nurS?*is^uilt by placing layers' ofTtock horizontally in the 
desired proportions. Each successive lot is a rectangle of substantially 
the same size, composed of parallel layers of stock Uneven lots 
resulting from guess-work and carelessness are thereby eliminated 
After it is laid, each of these lots is advanced endwise to devices that 
remove the stock by continuously combing or hooking it off, taking 
an equal amount in thickness from each layer each time so that the 
stock that is carried along is continuously uniform The stock is 
then delivered to a mixing picker. 


OILING OjJ CHE-STOCK- 


Wool stock or mixtures of wool with other textile fibers must 
be lubricated to-jmnimize ^breakage^of the wtyl fibe s in opening 
processes such as rag picking and,^carding_,_as well as to reduce 
By,^waste,.and static electricity '"m car(!ih§’'~l QiL-On _the ..w ool }& 
^sxLneeded to incre ase^ihe-cohesion. oLthe_fiber s in a loose sliver, 
3ius facilitating drafting, condensing, and spinning The extent of 
breakage of wool fibers during carding, while ultimately determined 
by lhe_speed^nd-the,settingSvOf,ihenCard,-is influenced % lh e_deg ree 
oi enSiglement of diejgDoLthat-oixurs-dunng scouring and by the 
temperature and regiinof the wool during carding 

In spinning, the lubricant enables the wool fibers to slide over one 
another more easily during the drawing and twisting, resulting m a 
more even yarn However, there has to be a small amount of drag-to 
prevent quick release, which would result in breakage of the roving 
or ends down in spinning It.iS-good .practice ,tQ„apply„the,Iubricants 
before or during the ro ixing-oLthe.jstocks The kind of lubricant, the 
amount, and the "method of application are of considerable importance 
if later difficulties in carding and spinning are to be averted 

The essential requirements for a wool lubneant that fulfills'these 
purposes are; 

1 jGood lubneating value in carding and spinning ' ' 

2 Should not cause or support spontaneous combustion 

3 Should not discolor the wool 

4 Should not in any way impair the strength of the fiber 

5 Must not cause rusting or corrosion of card clothing 


434 


American Wool Handbook 


6 Should not reduce the life span of the leather aprons or con- 
denser tapes 

7 Should form a stable and uniform emulsion with soft and mod- 
erately hard water in a temperature range of 70 to 100 degrees F 

8 Must remain stable in storage under various conditions of 
temperature 

9 After serving the above purposes, the wool oil should be easily 
removed by scouring with economical amounts of any good soap 
solution 

I' An experienced mill man will, over a certain length of time, be 
Jable to detect the deficiency m any one of these basic requirements, 

1 1 but very often much damage is done before it is realized that an 
woil IS unsuitable 

The oil must lubricate the fiber Some oils may be excellent lubri- 
cants at a temperature of 70 degrees F and higher, but on lowering 
this temperature to 35 to 40 degrees 'F , as is often the case during 
the wmter months, they become less fluid This lack of fluidity mi 
pairs their lubricating quality, resulti n pe>-«i gumming of^th e,^ 

\ i ncreased fibex J6ce^.ge» 

ca^gdlweh s or .sh yers Many oik are excellmit stock lubricants 
unaffected by temperature changes but may have a drying _ 
the rub aprons and dividing leathers The result is that the Jc® 
surface gets rough and an inferior roving is produced , 

A good lubricant should not cause spontaneous combu^ifm 
saturated oils such ascojton-seed-od-and-seyhean-oil, which, be 
of their ready oxidation, can easily cause spontaaeous-combuslll^ 

unsuiJable^foiuljuh£lpating-_wools Even npndry in g oils sudi ^l££9^ 
-..QiLand-red ^il have been known at times t o cause sp^ itaaggHg^^^ 
JaHSSSff- Espeaally iiT heavily lubricated” sticks such as card ' 
rapid oxidation of the oil can take place and the heat thus g’Cti , 
has caused many fires Card wastes _ai:e-the^.mo§L dangerous 
stock ii^his-respg.ct^because^ ^ conta m u p to 30 

In addition, they contam iron particles in the form o 
card wires and fine dust from the grinding of the card clothing .j 
iron will act as a catalyst, leading to the rapid oxidation - ,s 
The danger is further increased with dyed material as ,.,ai|y * 

catalyzed by certain dyes, olive drab wastes have proven esp 
ha^rdous in this respect ..also 

The water content of the waste in the presence of air and hg 
exercises a catalytic action on the oils, and the fatty acids .^It 
produced promote the oxidation A ,gO Qd antiO jcnjaiff^orJ^SS;:;-^ 

^ and_animal^^^ a ,gh^I^fe«trarfed , 
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which IS effective in the amount of 0 20 per cent, based on the weierht 

—— — — ^ 

The discoloration of the t\ool is caused mainly by the use of low- 
grade fatty Oils or cheap conventionally refined mineral oils .^Ivent 
r4;fincd^,2£4}xapedy^cciilftdjumeraLojl§-,^illjiptjJisco]px_^^ 
containing J);8^pcr-xent^il~aftcr exposure in the Fadeometer for 20 
or more hours Thiiv^lor-caimoLJbc-rcmoved by^scouring 
A good scourability is very important in any wool lubricant When 
It IS n ot un iforinly-r-einoved-f rom the fabric the lubricant can cause 
une\en dyei ng, and often render. the, fabrics unfit to bejnarketed as 
licslddass^CTjcljandise In knitting yarns, which are often not even 
washed, it is very important that the lubricant, has no. objectionable 
odojL _A g ood stock lubric ant must not contain any strong alkali ’that 
will impair the strcngt hjoLJthe^I).ers ' it' shoiilcl also*^e^ree 'Tfom 
ingredients that necessitate the use of strong scouring agents for 
their removal because the fibers will be weakened 
The presence of free mineral acids or other corrosive constituents 
will attack the polished steel parts of the machinery, they will dull 
and corrode the pins of the card clothing as well as the pins of fallers 
and^ combs It is very bad p ractice to ■OiLjmDroperlv.meuttahzed. .c^tj. 
bonized stoci^as tlie ac id .inJthe»wool.jvilLattack,.the card clothing 
Wires no matter wha t-OiLiS-Used ^ 

Types of Wool-LfUbricating Oils 

The range of oils suitable for wool lubrication has increased con- 
siderably since 1920 due to the extensive research which has been 
done m this field This research was instigated because of the shortage 
of animal and vegetable oils, especially olive oil, which had been the 
standard lubricant in the worsted industry, and the high prices which 
resulted from the scarcity of the oils This shortage of oils became 
even more acute during World War II and the early postwar period 
The Technical Committee of the National Association of Wool 
Manufacturers has estimated that in normal years the worsted branch 
of the industry alone consumed approximately 800,000 gallons of 
wool lubricants The consumption of lubricants in the woolen branch 
would be about 4,000,0(X) gallons, or approximately five times as 
much In 1942, the War Production Board reported 25,000 barrels 
of oil used by Bradford spinners, 3,500 barrels by French spinners 
and 139,000 barrels by woolen spinners Calculating one barrel as 
50 gallons, the total amount of oil used in the woolen and worsted 
industry during the peak year of production amounted to 8,375,000 
gallons 
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lable 1 gives the average amounts of oils used in the various sys- 
tems of spinning as reported by the coifimittee. 

TABLE 1 AMOUNTS OF OIL USED FOR FIBER LUBRICATION 


3 75% weight of top 
0^5% weight of top 
0 75% weight of top 
0^5% weight of top 
11 0 % weight of clean wool 


Note. 

but It mustTSe 


Worsted Bradford carding and comWng 
Worsted Bradford drawing 
Worsted French combing 
Worsted French drawing 

Woolen Picking and carding . _ 

The„figure-^{-44„per cent foriweolenj)icking„Mds.jardingjeeniScii^' 
stne realized that reprocessing (3CtWboLreqmres^igh.amoOTjtSn®*^'’ 

In recent years the Technical Committee has, in conjunction with 
Arthur D Little, Inc ,* investigated thoroughly the possible subs - 
tutes for olive oil as a lubricant in woof combing The most promisins 
lubricants, as reported by the Committee in 1942, in the approximat 
order of preference are 

1. Lard oil and mineral oil. Proportion 50-50. 

2 refined^p^nut od and min eral oi l .^ 

3 ■ Sulfonated fed oiTplus miner^'o'il. Propo'rtion 

4 Mineral oil sulfonate plus mi nera l oil.^ Proportion 20-80 

5 NeaVi^oot ioiPand" mineral oil Proportion 50-50 

6. Cocpanu^il and mineral oil. Proportion 50-50. 

7. Hydrogenated suIfonatedTsoybean oil and mineral oil Propbf 
tion 20-80. 

The results of the research done by this committee show that olw 
oil can be replaced not tmly by various vegetable and animal ^ 
also that a partial replacement of these oils by high-grade mi 
oils IS possible. 

When mineral oils were first introduced as lubricants m 
grade woolens, such as reworked wool stock, the lowest tfP® ® j.gn 
petroleum fractions was used The disadvantages of 
applied to higher-grade stock were soon recognized: 
^Uoit.andjow'oscourability For years the introduction of mine . 
for better-grade sto^ was discfechted In late years, 
mineral oil producer has brought on the market highly punn 



— §tosjcs,-especially m • ^ooiai^pinning. 

(ipfl)**^**" National Association of Wool Manufacturers Vol LXXI, PP 
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Based on general experience with various formulae the opinion 
still prevails that the use of a combing oil containing more than 50 
per cent mineral oil is not advisable since the mineral oil requires 
more soap for removal than any vegetable or animal oil The ideal 
wool lubricant fr om the viewpoin t of scourabijitjrjyould be a .water 
soluble o il Such oils, the jnfnne^ (xr^sullonates, have recently been 
imfbd^^'d by various mmiufacturei^ and'‘are ‘dready finding con- 
siderable use in the industry 

The present specifications for the worsted lubncants (refined min- 
eral oil and lard or grease oil ) are given in Tables 2 and 3 


TABLE 2 REFINED MINERAL OIL SPECIFICATIONS 


Flash point, ®F 
Viscosity at 100“ F 
Pour, “F 
Color NPA 
Neutralization number 
Saponification number 
Evaporation loss 
Light stability 


400 min 


190-210 Saybolt seconds 
30 max 
2^ max. 

010 max 
02 max. 

0 25 max 

There shall be no more than a barely 
percepuble change in color when worsted 
cloth containing 10 per cent of the min- 
eral oil IS exposed for twenty hours in 
the Fade-Ometer 


TABLE 3 LARD OIL, OR GREASE OIL, SPECIFICATIONS 


Grade 

Free fatty acid, per cent 
Cold test, “F 
Specific gravity 
Saponification number 
lo^ne number 

Unsaponifiablc matter, per cent 
Color NPA 


Extra winter strained 

2-4 

40-45 

912-919 

193-198 

65-76 

1 max 

2 max. 


The oils formerly were applied without admixture of natcr, a 
method which has the disadvantage that the oil cannot he cvenh 
distributed and therefore will not penetrate the stock uni form! v unless 
stored for long periods of time T oday> .sucb-oil6~»re-applied jnjmijtlr. 
sion form , whi^i means Jhev ar e..mixed_vgUijivatcr.-and-anvCtnulsifier 
rcsulUn^TTamilky w hite ^emulsion The application of the oil in 
emulsion fomrgrvM~the spinner a chance to add at the same time .i 
certain amount of moisture to overdrj wools The concentration of 
the emulsions sanes with the tj’pc of %\ool or mixture of stock and 
according to the spinning method In woolen spinning, a <trcngth 
suitable for wool and noil blends is a 40 jicr cent emulsion (2 parts od 
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and_3j)a rts waters . For luster wools and hair mixtures such as mohair 
blends, 25 per cent emulsions are suitable The amount of these emul- 
sions that should be added to tlie stock is based on the amount o* 
pure oil needed per hundred pounds of stock. For example, to apply 
5 per cent of oil (5 pounds) to 100 pounds of wool, 12^ pounds ot 
the 40 per cent emulsions are required and 25 pounds of a 40 per cent 
emulsion are needed if the oil content desired is 10 per cent In imU 
practice the oiler is instructed as to the total amount of emulsion to 
apply to any given quantity^ of stock For example, his instructions on a 
50-50 noil wool blend of 1,000 pounds will call for a 25 per cen 
emulsion or 25u pounds for the total amount of wool. , 

For worsted spinning two tjqies of emulsions are normally 
One for the carding, gilling and combing process has a 
from 20 to 25 per cent The emulsion is normally applied 
scoured stock as it comes out of the delivery end of the dryer i n 
to 4 per cent, which is equal to approximately 1 per cent oil, is use 
A second emulsion of 12 to 16 per cent strength is used to 
in the drawing or preparing of the roving The amount added to 
sliver may vaiy from less than 1 per cent up to 5 per cent or ’ 
depending on the blend and the size of the roving (French oy 
tern ) 

The British Wool Industries Association has in recent yews con 
ducted a very thorough and complete series of tests on the , 5 
of various percentages of wool oil and the performance oharactw 
of wool oiled with straight oils and with emulsions For of 

of stock it was shown by their experiments that an oil appnca 

fromv.64o^per rent..produced-4he-gxeatesL.efficiency-with resp , 

fiber breakag^-SSd cost of oil Experiments with heavier wool 
applications ranging up to 20 per cent based on the weight ot si 
indicated that more than -9*per.. cent-oil.*di 4 jnot give proporti 
better results ' . 

A similar test was made to determine the efficiency of 
applied straight and m emulsion form, using the same of 

actual oil in each case The results proved that the same am 
oil applied as an emulsion gave 30 per cent better performanc 
the same amount of oil applied straight, provided the ytgjou 
stored less than three weeks It is nnyr^enerally agreed-that^ 
•P lhng.is J l^best-method nf app lvingwo oT^ flO o stocJc-tha^s- 
i£arded,.and-spun into~W 6 olen_vams vatfiout” orolonged storage 


Making the Emulsion 

The ingredients necessary to make the emulsion are_^ 


watefi. 
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*lhc mosj rojiHJjoji cnmlgint T*. ar c aU>nljcs such as soda, borav, .ani- 
tnonn , (nct h ninhttnnc. a»d"«.tcaratM?i3c~ 'I'Tic cniuliificrs form soap “ 
wiiTTUic aciil prtsc^nl and ihc soaji produced divides Uic oil into 
fim p.irtuli*., foumnjr (In. omulMon It is \cry important that the 
tuniNiun pr^Klncttl he \cr) stahle, i. c, that it docs not separate 
qnicKK 'I he stnhiliiy of an emulsion is determined by the size of the 
oil plobulc>. which iiiuM be 4 micions or 1/6310 of an inch or more in 
diameter Any colloidal ihsprrsion or emulsion containing globules 
btlow 1 microns will show* lliownian movement. To be c aficd-stable. 
an, ct imls ton sh o xihl re nniruat.lcasLforty-cixiht hotirs.Avithotit-scpa- 
jranng. .^ 

In large nulls it is customary to buy the oil and emulsifying agent 
scpamttly and produce the emulsion w'lth the help of a stirring device 
'I he follow ing arc the main methods by wdneh the various ingredients 
may be combined and a proper emulsion formed * 

1. The soap mclliod, consisting of stirring the oil and water alter- 
natcl) into (he soap) mi\turc of fatty acid and alkali 

2 The water method, consisting of stirring the oil into a water 
»onp solution 

3 The soluble oil method, consisting of forming a clear solution 
of the soap in oil that cmulsincs continuously w'hcn added to water 

4 The slcaramidc method, consisting of stirring the oil at intervals 
Into the slcaramidc paste and adding the necessary water 

Soat ufjuUliod The following formula illustrates the making of a 
lard oil emulsion by the soap method: 

Lard oil 40 pounds Oleic acid 5 pounds 

Borax . . 1 pound Water . . 54 pounds 

Working at ordinary temperatures add the dissolved borax, oleic 
acid, and 1 5 pounds of lard oil to the agitator. As soon as these three 
ingredients have been added (but not before) stir vigorously until 
the mixture is fairly homogeneous Then, add slowly with constant 
stirring 20 pounds of water, obtaining a thick, smooth emulsion Con- 
tinuing at the same stirring rate, first add the remainder of the oil in 
small portions and finally the remaining water in a similar manner 
Emulsification is complete when the oil and water are evenly dis- 
tributed This-e mulsioti is white, creamy, and stable 

.^nhihht ml method J This method is particularly applicable to min- 
eral oils Thelfellowing are some of the formulas used 
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1 ALL MINERAL OIL 

T2“.SJKS.”‘l.".4:2i5 

petroleum products vary greatly and because formulation by this 
CO requires great exactness, it is always necessary to derive the optiimim 
^ ^ specific oil to be emulsified The method developed by Carbide 
Chemicals Corporation® is to 85 grams of the white paraffin oil 
® ® grams of oleic acid with constant stirring until the solution becomes 
grams of tnethanolamme are added with stirrmg. If the container 
Cote light, the mixture will usually appear cloudy or show minute 
suspended droplets Oleic acid is then added drop by drop, with thorough 
s rnng a ter each addition until the mixture becomes clear. The mixture should 
now emu si y in water, but the addition of a few more drops of oleic acid may 
produce a slightly superior soluble oil, that is. one that will remain clear on 
standing and that will produce a stable emulsion The amounts of oleic 
Qd are totaled and the formula can be converted to the basis of 100 pounds 
for large batch production 

If the emulsion obtained from the formulated “soluble” oil does not have the 
amine content of the oil can be increased slightly, an<^ 
me additions of oleic aad drop by drop repeated When less stability is re- 
^ emulsion, the proportions of amine and oleic acid can be reduced 
s mply by adding more mineral oil to the "soluble oil” until an emulsion of 
the desired stability is obtained 

The pre^ration of the actual emulsion is as follows ' . 

^ 1 ° j weighed out as determined above and 10 pounds o 

p 'Tt, ^ stirrmg until a uniform solution is obtained. 

stirrM am^t of amine as determined above is added and the solution 

oleip ariri * j u solution becomes warm due to the reaction of the 

Oleic aad and the amina 

bv^shrrlnJ”***'?^’ "soluble" Oil basc, can be diluted immediately 

desired mineral oil, or it can be stored and 

base and the resulting “soluble” oil are 



Nsver spontaneously when poured into water Hmv; 

fill wth an emulsifying is accomplished by stirring the "sol 

luh^r a creamy mass is obtained, and then , 

aiiuting further with water as desired 

2 LARD OIL-MINERAL OIL 
— - Water 

mu/stons. Seventh Edition. Carbide and Carbon Chemicals Corporation, pp 3* 
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The procedure for mixing this formula is as follows To a container equipped 
with a simple stirring device 9 pounds of the mineral oil together with all of 
the oleic acid are added Stirring for a few minutes produces a homogeneous 
solution to which should be added the exact quantity of triethanolamine, which 
IS mixed into the liquid until a clear solution results To this solution the rest 
of the mineral oil, together with the lard oil, is added and stirred sufficiently 
long to obtain a uniform solution 

The soluble oil so prepared will emulsify spontaneously when added slowly 
to water and will form a stable white emulsion Dilution is best made by first 
stirring well with an equal volume of water and then diluting to the extent 
desired 


3 MINERAL OIL-COCOANUT OIL 


50-50 mixture by volume of mineral oil and cocoanut oil 60 pounds 

Distilled red oil , . ,8 pounds 

Tnethanolamine . 3 pounds 

Ammonia (14%) 5 pounds 

Water 350 pounds 


The Committee on Olive Oil Alternatives of the National Association of 
Wool Manufacturers has recommended the above formula for use in spinning 
The mineral-cocoanut oils, red oil, and triethanolamine are mixed, forming a 
clear blend, after which they are poured with constant agitation into water 


Afte r emulsification, th e-amm onia is added for stabilizatio n 

5%tfnr(iffiiiLiMuiihp(l The mam advantage of stearamide (or Duron) 
IS that it forms a stable emulsion directly with neutral oils and is 
therefore particularly useful in the making of straight olive oil, peanut 


used 


m a large scale ; 

I 

1 r Stearamide 

60 pounds 1 

1 1 Peanut oil 

350 pounds / 

I Ammoma (concentrated) 

1% quarts r 

lU Lecithin (antioxidant) 

^ pounds / 

* Water to make 100 gallons of emulsion 

1 


The preparation of this emulsion is as follows 15 pounds of water 
and 60 pounds of stearamide are heated with constant stirring in a 
steam-jacketed kettle until an absolutely uniform paste is formed 
Special precaution is taken that the paste does not burn by shutting 
off the steam as soon as the paste along the wall of the kettle starts 
to turn brown With constant stirring, then, the whole amount of 
the oil IS added in portions of approximately 50 pounds at intervals 
of three to four minutes When all of the oil has been added, the 
oil-stearamide mixture is a heavy, syruplike emulsion of an ivory 
color During the entire time of adding the oil, the solution is kept 


442 


American Wool Handbook 


at a temperature slightly below the boiling point Then the steam is 
shut oif and cold water is added with constant stirring over a penod 
of about ten minutes until the lOO-gallon level is reached The mixing 
is continued for several minutes after which quarts of concen- 
trated ammonia (25 per cent) is added and stirnng is continued for 
two more minutes During the addition of the ammonia, the slight'} 
yellowish emulsion will turn snow white The total time to make this 



kimilar emulsions are made The concentration is 25 per cent for card- 
ing and combing, 15 to 16 per cent emulsion for drawing 
Mixing implements The main mechanical operation involved i 
making an emulsion is the stirnng procedure, of greatest 
ance in the fcfrmation of a good emulsion. Various speeds of 
tion are necessary for the different types of emulsions Mecna 


cal mixers and agitators for this purpose are made by various , 
facturers and should be given preference over the still barrel " 

method. In t the ay erage ^ill a s l£am-iacket-4cett-le..witb..-a.>centraLs 

jing^devicp iTernggyeduOther mills use live steam and circuiat 
emulsion through a pump system, forming the emulsion 
manner For emulsions of the highest stability and uniio^/» 
colloid mills are used, but such a mill is; rarely necessary for m 
emulsions for wool stock ' * , . 

Methods of Oiling the Stock 

There are two main procedures for applying these 
the stock oilujg;^W hand and aut omatic oiling Oiling by gs 

with a sprinkling^nTTUe-oir Being applied to each layer ot . 
uniformly as possible after it has been laid It is then run thro g 
mixing picker once or twice and allowed to he for a short 
overnight, to ensure thorough penetration. This method, w 
used for small lots, is being rapidly replaced by automa 
methods, because of their labor-saving, material saving, ggarj', 
control features Occasional cleaning of diese devices is n ^ 


and they must be kept m repair. 

T— ^ T . 


le L-mixing pi dseiu.^) 
applied py one oi 




methods: -- oiisists 

^' .^I3^t2Lfeed ntethad The simplest and crudest metho S 
ot feeaiti^lhe emulsion into a horizontal pipe that is fasten froiu" 
over the conveyor This pipe has holes dnUed along its lengJJ 
which the emulsion falls directly onto the stock passing Pc 
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disadvantage of this method is that it is very difficult to regulate and 
feed the emulsion uniformly onto the stock. 

2 MnghshJjrus h m ethoji The emulsion flows directly through an 
oscillatmg^ipe above^a^otating brush roller Below the brush roller 
is a flipper bar that bends the bristles of the brush and causes them 
to spray the emulsion directly onto the stock One of these types is 
known as the Spencer oiler The Goddard oiler is very similar but is 
applied to bur pickers There is also a Sargent oiler, where an osal- 
lating brush is used instead of a rotating brush In all cases the amount 
of oil put on the stock can be controlled quite simply, effectively and 
uniformly 

3 . Dnj) methad A rotating drum dipping into the oil or emulsion 
carries it around to meet a series of drips across the width of the 
machine that guide the oil off the rotating drum and allow it to drip 
onto the stock 

4 Spray method Here the wool oil emulsion is applied to the stock 
in the tOTm"oV'a'irne mist by spray nozzles This is the best and most 
modern method of oiling In some mills where blends consist of 
wools of different colors, the stock is completely oiled in one passage 
through the machine but, to obtain more thorough mixing of the 
various colors, the stock may be run through the mixing picker two 
or three times 



Fig 1 Parks-Cramer turbo-oil sprayer 
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Among the automatic methods of spray oiling there is the auto- 
matic oil sprayer shown in Fig. 1. This particular* device -is -attach^ 
ahove-the'''ffeed aproh‘15f-~the"inixnig*picker, 'under which the nuxea 
stock is fed Two to four nozzles can be^ used, depending on the num- 
ber “of times the wool mix is run tfirough the picker. Oj®fJ»ookn 
manufacturer, u sing a 48-inch Fea rnaught picker equipped with three 
spray heads, can puE through iOOO pounds ot sfoclcin two runs of 
thirty-five minutes each The corresponding capacities based on one 
hour of time are: 


Dry wool treated per hour in pounds . 

Emulsion used in pounds . * 358 

Per cent emulsion by weight . 40 

Gallons per head per hour . . ... I4j4 


The advantages of this automatic oiling of the stock are easily 
Ihere is a saving of labor, thorough and uniform penetration of m 
oil, absolute permanent adjustment of the rate of delivery, and otnc 
favorable aspects 


GARNETTING OF STOCKS 

Whenever hard-twisted woolen, worsted, cotton, and rayon y^ 
or yarn wastes are to be employed in woolen mixes, it becomes nec 
sary to subject the stock to a garnetting process as a succwsion 


rag picking or teasing Gara istting^ has f or its ob j£Ct»lh6«-tbi^j^ . 
b£S§l3SgJip..^^thejyaste Mdi^]^u^tcu^ 

.wrOf.virgm wooLor.other^to ,rifiA 

would not "Tie •'sat isfac t ory liprAj —hRcause much j 
teeing, and actual breaking of the hard-twisted material is .J 
w2ii€h-^rdinaiyj:aLdjdothiug,£Ouldj^^ 

f’'5i^L^J^lS.threads,.co.mplS^JfeidsIthe*fibers»’perfectly,^^°* 
JP, u Jiuffy,.sopened .condition -ready Aol im^ug 
I ne machines employed for this purpose vary according 
ype of stock processed. For soft-twisted yarn and yaro 



he materialTs fed to the machine by hand or by means of an 
f the condition of the stock. 

'"JBpy orsharlyf^n aUtoifiatic-feeder-unay-noHbT'advisable 

Jock enters the strong fluted feed rollers, it is subjected to ij " ^ 
hy means of a heavy, wire-covered, small oylj j 

Das^Jc S' TH® lumps into smaller lumps or P’J . pgrs 

P s the stock onto the circumference of small workers and st Pr^ 
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After this initial operation the broken pieces are passed on to the 
first large cylinder, which is also covered with garnett steel wire, the 
points of which are sharper than on the licker in Sometimes a dividing 
roller is used between the hcker in and main garnett cylinder to 
prevent chocking or accumulation on the licker in The mam cylinder 
is provided with a series of 4-, 6- and 8-inch diameter workers and 
4-inch diameter strippers, which have for their purpose the opening 
and straightening of the material Their wire teeth are of the garnett 
type and revolve so that the points of their wires are presented to those 
of the main cylinder without touching A fancy roller raises the 
material out of the cylinder so it can be picked up by the doffer, which 
rotates slowly and collects all the garnetted stock off the main cylinder 
If the stock IS in good condition and opened with no piece of yarn 
left whole, it is rolled up m a lap or dropped on the floor 

If this operation is not sufficient, a second cylinder can be connected 
and started up and the same process repeated until the stock has the 
proper soft and lofty condition and no pieces or lumps of unopened 
thread remain. 

The p roduction of such m achines_var-ies..iroia-.50.,tO--Z5_J)QUnds 
h ourly on average hard-worsted thread JV JisteSj On softer stocks, of 
course^' the produ^offTs^higlieT* The following combinations of sets 
are used in American mills * 

1 Four-cylinder 30- by 60-inch breast garnett machine, for hard- 
twist waste 



Fie 2. Three-cylinder breast-type garnett Courtesy Praetor & Schwarts, Inc 
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2 Three (ylinder 30- by 60-inch breast gamett machine with auto-^ 
matic feeder, for medium-twist yarn, waste (Fig. 2 ) 

3 Two cylinder 30- by 60-inch plain garnett machine with apron 

for soft rayon thread waste 

The latest type for opening of hard-twist worsted threads is a 
dujnex garnett unit which is two gametts in one and is provided 
with an automatic feeder It delivers stock in a lap (Fig. 3) 



Fig 3 Duplex garnett unit Courtesy Proctor & Schworts, 

Garnett wire Garnett wire is a long, wedge-shaped, steel ribbon 
with sections cut out as shown m Fig 4 The rolls to be gametteo 
are^put in a screw-cutting lathe and a deep thread or s'piral grooie 
IS cut the whole length of the roll Then the toothed wire is wouna 
m this groove under tension and "staked' in" or "caulked m ^ 
shown in Figure 4 



Fig 4 Enlarged section of garnett-wired cylinder 


BLENDING OR MIXING MACHINERY 

Under the heading of mixing pickers come many classes of ^ , 
chines that serve multitudinous purposes in accordance - 

st raight woolen yam, 

t^tiWifacturerTioveity yarn manS^ture. carpet maniiS^^t ^ 

orSoTtfiel^ of stock requires-a-h^ ® < 
g t.«type-K)f»..picker It is not unusual m American nulls' ^ 
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plant to have several types of pickers suGh-as-teasecs, ayl]pw^,Jbim^- 
picke rs. and^ieamaughtsj'atlier tha^several^qf^on^type^qf^machine 

The function of the machine is principally to mix the stbSc^opeii 
It still further, and deliver it in the most suitable condition to the 
woolen cards This is in most cases accomplished by means of a large, 
rapidly rotating cvlin der_n rpvided->withi.^trong-».teeth^orJaooks Jjent 
forward nr,in .Jhp direction in which the cylinder rotates 

The most efficient machine for opening, teasing, and blending the 
mixed and oiled stock is the^ixmg-j picker It is built heavily and 
strongly, so it can stand much abuse, is suitable for all types of 
stock, and meets all working conditions that arise in the average 
woolen mill 

Primarily, the mixing picl<er-*Gonsist^ of..a feed^apron-madcr of 
he^jUeather^belts to which are fagtened mapl e pr J)eech_slats with 
c^^r^rv^ ^^^jburs.^’dy^n^by^ulleys -lok^sprocket-chains The 
sides are budrSp sufficiently high to permit a heavy or high stacking 
of stock They are usually 36, 42, or 48 inches wide In place of the 
feed apron automatic self-feeders or hoppers can be used There 
are usuall y two p airs-oT l arge flut ed— feed^rollera;- or *three fluted 
rollecs-and pjie-pin-roller, or a single .paixjcjf^cockspur^rollecs, and 
sometimes-Jthr£e.^cockspur_;;Qlle rs a nd,.one_ fluted The arrangement 
dependsjyi-tbe^toi^used'^ ^or rnatted stock and fairly long staple, 

the three cockspur and one fluted rollers are recommended for 

short stock the^in gle p air o f cockspur rollers are„pi;eferTed , also 
the puL.®jadler^!lisrfJgjst^c^ 




Diagram of combination with Truslow blender 
Courtesy C«r/ij & Marble Machine Co 
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S 6 Mixing picker wi!h ceiling condenser delivery 
Courtesy Pi actor &■ Schwarts, Inc 

a provided above the feed roller bearings so tliat 

'^d the mam a ^ obtained by the action of the feed 

builders are Automatic oilers built by various nwchin 

ahead of the feed rolSs^ ^ ^ 

whether*^h*Jstnrt '^^rious machines differs depending on 

directly to the carH on the floor or into a truck, Wo 

Several of these another mixing pic^ ‘ 

shown in Fjw 5 common use One of dies 

^ * o® Truslow patented blender has been introduced 
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eliminate “rowy” goods and to secure more economical blending of all 
kinds of stocks Kig ■5__<;bnvv A-a..combjna tion of machines t hat has 
hp ftn »i<;«»d-<m ccossXu llv on ^^ool mixed with ra>^n, cott on., and sho ddy 
of widely^iff erent fiber lengfhrand q ualTffes _ 

"HPor^xccptidnally cotted oT matted stock or long carpet or worsted 
stock, or even ocdmaiy.uoolen-mixes-for-coarse numbers, shredders 
or fg arnaug ht pjckcr^s^atccmploycd extensiv.ely^They are also known 
as S ^tcli picl^ s. tent er hook willovi s, etc Tjtiey.^iistitut^^n^^ 
temicdi^iel!Scp.,bet>Y/;fn^die^t?aightlnixing^pjckers^and_Ae.garne^^^ 
mac hine The object of the fearnaught is the opening and mixing of 
'th^ stock by a large rotating cylinder filled with cockspur teeth or 
hooks, which work in conjunction with smaller rollers known as 
"workers” arranged around tlie circumference of a large cylinder 



The comb med acti on of-the-two-separates-all'hard'or'tarigled launches 
of wool £id intennixes the stock J:horoughly. The ijiaphine-operates,, 
at SSi?7grspeeds andTSoesTws damage to lgng.^stockheca.use of a 

ge^ntlei^u^F’jhan^heJiistrOpCTatingTmixing-pidcer- ITu 

IS operated at not more tha n 225 r p.m— at 36 inch diameter and at 
not more thanj^lrjjjiwt^ainc^ Its capacity for produc- 

tion is from 800 to 1,500 pounds of wool per hour. Fig. 7 shows 
such a fearnaught picker. This machine is.pr-evided-with-3-condenser 
at jthe delivery end, des igned to deliyer. the stock jnJap-form 
clii:ecdyllnfo.-a ^tiro^ J Ehe remaining details may fie'gleaned from 
the figure TherearTtiiree pairs of workers and strippers provided 

with TOckSDUr teeth-intersectmg-each-other.,on-short-€tocky distinguish- 
ing if from the gamett machine Oijj0ng>.£ioAj^e-4aJl^^^^ 

further apart . , 

Continues blending systems have come into vogue lor economic 
reasons and, combined with a super picker, are highly flexible and 
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Fig 8 Continuous blending arrangement Courtesy Proctor & Schwarts, /w* 


quite automatic. Such a system is shown in Fig. 8 A production of 
5000 to 6000 poimds per hour has been reached ydthjthis^uperpicKcr 
and the continuous blendmg method. ^ . 

Shredders and shredding pickers are extensively used m tlie wool 
reclaiming trade for shredding burlap, gunny sacks, sugar bagginffj 
carpets, and similar tough materials If a woolen mill makes its ovi^ 
shoddy or reclaimed wools for its mixes, it .Js-vepfc Jikely.JQ”^'^'' 
some of these-Jtnachines_in-the_p icking r oom i Kese machines 
from the feamaught in Aat they have no workers and stnpper^^ 
They resemble the ordinary mixing pickers Taut are built much hca\ 
ler, similar to the rag pidcers or lumpers used in making 
All these machines have to stand considerable abuse and are j 
to handle all types of stock that may be needed by a woolen ini» 
making woolen yarns for an 3 rtliing from dress goods to plushes a** 
carpets 


WOOLEN CARDING 



^^V<wlen carding has for its principal objects. 
1. Further to open the stock as a whole. 


open „ 

2 To disentangle lo<i^ and bunches 
A straighten the individual fibers as far as required . 

4. To remove natural impurities, i e , shives, fly, burs, au 
, r sto^ and its component parts 

' j deliver the stock m convenient form for transfer 
machine such as lap, or roping. , 

Incse objects are accomplislied satisfactonT> by the th 
ystttn generally in use in Amencan mills. In this respect 
uing differs from .worsted c ardiDg...-\yiiiclui&-a^Qne:<^gl^gl^^j 
lough the main object of worsted carding is to lay the 
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parallel lo eich other, no such attempt is made m woolen carding 
'Hns is the fundamental difi’crcncc between the preparation of a 
>NOolcn yarn as compared to a worsted }arn or combed cotton yarn 
in a wop[cjj_}*3W^ he iTL.c.ycry_ direction, _}vhereas in a 
^y wstc^ 'arn IT^lie parallel "to each other .to a marked, degree * 


Function of the Card Wire 


The card wire on the various rollers of a card perform different 
functions, depending upon in what direction the roller turns, in what 
direction its wire points, and how fast it travels in relation to other 
rollers Three Kinds of effects can be attained by a variation of 
these facts, namely: 

1. Wires arranged ",pomt against point," ic, carding, as in Fig 9 
2 Wires arranged "pointagain^ back," icyslripping,Jis in Fig 10 


3 Wires arranged 

««<<<<^«< 

»»»»»»)» 
atoiv 

Fifi:. 9 Carding acUon 
Point against point 
Opposite direction 


Fast 


bnck-against bade," i c,, rauing,j)s in Fig 11 
The relative surface speed of the rollers 
plays an important part in the proper 
functioning of these effects and in obtain- 
ing the results desired In a card evciy 
one of three actions occurs at eveiy point 
of contact or working points between the 
rollers, i e , carding or working the fiber , 
stripping or removing fiber; raising the 
fiber or brushing it up to the surface of 
the wire 
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Fig. 10 Stripping action 
Point against back 
Same direction 


Carding (Fig. 9) takes place when the 
wire points of the main cylinders, travel- 
ing at high speed, brjng the wool in con- 
tacL..wjth-the -Wire points of the slower 
moving..woxkers,or,doffers This a "point 
to 'point” action, essential in opening the 
tangled wool fibers 


FAST < ' 

^««««« 

- 1 »»»»»» 


Fig 11 Raising action 
Back against back 
Same direction 


Stripping (Fig 10) takes place when, 
the wires of the workers meet the points 
of the stnppers in a "point to back” action 
This arrangement is used to remove the 
wool from the workers and put it back 
onto the main cylinder wire A special 
stripping action fakes place without a 
carding action, when the angle stripper 
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on a worsted card transfers the wool from the doffer to the second 
mam cylinder. 


Ratstttff (Fig. 11) ta^„pla6e^whenJlieJonguwires-of.the;rfancy 
■f^o*'t^>wires-*o£«Jthe.jnain» cylinder, btuslL.,thejvool 

f« ^®r“^“®“^a5e-_of>:the''mainj:ylinder,.and permit-the-doflFer-^wire 

Vi*^*^C* *”'**^'* his is a “back to back” wire action and is done at 

s^eds The density of the wire and the correct surface si)eed 
o ne two rollers must be continuously maintained to be effective. 


Principle of Carding 


direction This action taJces place between th e main 
1 worlcers fala^ th^wool from the^lin3er. The 

at which main .s yjindgLgS.” 

^'^hers Jiave-thej:losest.aDt5rnrjrli htif^n nof r-onVar’f 'fhe wre teeth 


wW^h deposited on the wire teeth of the 'vorto 

1 ? carded wool around to the 

Sdnfc t fast-running roller This concerns the secojid 

mmr stripp ing Stripping involves the 

has the carfeltfe^m thfcylinder or roller that 

wire^on the carding. It occurs when the points of ca 

Xr V. the backs of the teeth on ^ 

again*«!f fliA i^^°t^^^f~~?^^d,.stdpi3er_jc oller wo rks with its ^ . 
carded wnnl^Y^ wice_Qn_the-Avorker,-thus gently ^tftmg , 

the storlf *^®3°^i®’^*~§tripping_is essentially a transfc 

which the-jnain-jcylinder, the tfi^t , 

at a veln^S- their points against the badTof the stopper t^ 

foSi^d ^ S of stripper.a3ie^^J}0^I^d 

cIos w ' 74 ^^~ 2 E^LjKit‘-Ql_wnrkensL,and.-.strippers, which ar 
p^itdr^rirf r! cy li nder , and the same aftion 

workers a^ fadyTTh^bject of~having six to eight p^rs of th ^ 
give the *0. the work between them .®. j 

ck repeated carding — a thorough opening and straig 
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oi Oic oi iu(-r Same, stock jiia^ltass around 

ihc cjlindcr reverni innt.'. b.utK' r i' caught by.a~.worlker. Much 
<!ci>ci .th o’i the j>r<»j>ri uL th' njiltrCj,, their perfect circumfer- 

• ncc or ifiiqu'Xv, in? c^ iirliiicn ot iho vire. ihcJciruLor^suc-of'-thei 
wire, and the *.prtd o*' the rollers 

Girding cou'-imitc the list o, s. 'tion or process in which the 
'\cHi! fihets ran }>c proj -Mh opined It is considered by many just as 
important a process as sjnnning, l ‘tc Mi‘ 'C a good even. woolea-.varn 
Cjimiat-l^e-.^j nin fr i>m niiJintYtn., improperly, carded -rovjng. Roving, 
or, as It is more comnionl) l.no«n in \nicrican woolen yarn manu- 
facture, roping, is a ribbjn of carded nool, the fibers of which are 
rublicd together into a round continuous strand with no twist what- 
ever, ready for the spinning jiroccss Previous to this stage the 
round continuous strands of carded wool as they are formed on 
the cards are known as card ‘:livcr, or lap, which has no twist either 

Prom the carlj dajs oi hand carding tlic technique rapidly ad- 
\’anccti to the rolfer or c) liiidcr card introduced in the United States 
bj Arthur Scholficld about 17'J3 It w'as a w'ooden affair about 25 
inches wide with a cylinder diameter of 33 inches It carried two 
workers and strippers, a fanej, and a 14-inch doffer covered with 
card clothing sheets. A fluted cylinder of 13-mch diameter was ar- 
ranged behind the doffer A board, acting as a comb, brushed the 
wch from the doffer m the form of sheets Carried along by the 
fluted wooden cylinder behind the doffer, these sheets were made 
into rolls by a press board set close against the fluted cylinder and 
arranged underneath Dropped into a pan, these wool rolls were then 
pieced together and spun into yam on tlie “billy” and the 'jenny”. 

This IS a far cry from the modem American system of woolen 
carding, which is done by means of the so-called tliree-card system, 
termed in succession, the ^rst breaker or scribbler, the second breaker 
or intermediate ^card, and the finisher^ oi: condenser card This is 
coinrnonfy known as on e set_o t.wooien,cgTds,,the units by which the 
size of woolen 'nuns in the United States are gauged A good-size 
woolen mill has about twenty ^ ts_flf eapl . s -^ 

T he thre c->succcssive—machinea.vdOr-nQt.~diff cr„^ in_^ construpJion.^r 

actig|x,Jjut-oifly in th e fineness-Of the card clptl^^.an(L>thejy.a 3 ^^e 
product ip deliv^r?d.TT hev generally consist of the following modem 
setup . 

1 Automatic hopper self-feeder, single cylinder breast or burr 
works, regular one-cylinder cards with workers, strippers, and a 
doffer, the stock being delivered in shver form 

2 Intermediate shver feeder and two single-cylinder cards coupled 
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together (second breaker and finisher card), with a tape or triple* 
apron condenser delivering the roping on two or more 40 -end spools 

This constitutes most modem Amencan carding practice, but other 
arrangements are used in the trade One very common arrangement 
is to have three distinct cards arranged in direct sequence, i e , breaker, 
intermediate, and finisher cards, connected by automatic feedmf 
devices. 

Table 4 shows the types and sizes of woolen cards in place m 
the United States in' 1943 and is taken from Facts for Indu^r^ii 
October, 1945. 


lABLE 4 UNITED STATES WOOLEN CARDS IN PLACE 
Type of Card Number of Cards and Cyhnder Sises 




JVoolcn cards, total* 
One-cyhnder 
Two-cyhnder, total 
Ring doffer typef 
Tape type! 
Thrce-cyhnder, total 
Ring doffer typet 
Tape typef 
Four-cylinder, total 
Ring doffer typef 
Tape typef 


Total 

48’'x48'' 

48" X 60" 60" X 48" 

60"x6(l” 

5,221 

1,208 

1,494 

421 

1,326 

227 



— 

784 

254 

212 . 

36 

181 

589 

202 

197 

36 

112 

195 

52 

15 

t 

69 

3,526 

855 

1,179 

296 

804 

2,111 

712 

721 

169 

285 

1,415 

143 

458 

127 

519 

684 

99 

103 

89 

341 

279 

87 

39 

62 

70 

405 

12 

64 

27 

271 


All 

Ifhirs 

S4S 

Tot 

■ 42 
59 
392 
224 


A ape ty pcT 4 U 5 12 64 C/ 

'~SSho^fe,e^S_arejioUinclMdcd tOf the tw^-cylinder cards, nng Coffer 

endsT tape type, 49 per cent were under 60 ends Of 1“ 

Q 7 ^7 5'*" under 60 ends, tape type, 60 per cen » 

,7 '•’ds Of the four cylinder cai^s, ring doflfer type, 55 per cent aroiil d'* 

nndcr 97 ends. {Included under all olbeitf 
closina data for tndividuil plant 


Automatic Feeders 


The purpose 
tion With cards 


ife 


of automatic feeders, particularly as rj ipi 

...... is to deliver properly prepared stock 

tlic primary processing *machme, thereby eliminating tne j ^ 
of constant attention by an operator Since unintcrruplw r 
essential m a carding machine, old hand-feeding methods n* 
since been entirely replaced by the Bramwell feeder and ) 
m^ic feeders of a generally similar nature. , * j, jnc? 

The prepared stock is placed by hand in the hoppcCi ' 

Cither be V-shaped or else substantially cubical with a botw ^ j, 

apron, as IS most commonly found in modern 

o* slock in the hopper is gently pressed by gravity or the 



Fig 12 Automatic Bramwdl woolen card feeder 
Courtesy Geo S Hanoood & Son 


motion of a bottom apron against the lifting surface of a spiked 
apron composed of hardwood slats studded with upward pointing 
tapered steel pins Various auxiliary means are generally provided 
u hopper’s contents of a uniform density or for pressing 

them with uniform effort against the spike apron so as to compensate 
for changes m the amount of material therein owing to gradual de- 
pletion and sudden replenishment 
A reciprocating comb works against the lifting surface of the 
spike apron to prevent delivery of excessively large lumps of stock 
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Stock evenly over the full pinned width of the apron 
denth nn tiif therefore, the stock is loaded to a uniform 

oartinilar cr.o spike apron m accordance with the 

each run ^ working surfaces as adjusted for 

load iin nwi- j apron thus carries an evenly distributed 

fronf of tiio f driving roller and then downward toward the 

Snrt V ^ of sev d to Stnp the 

stock from its now downwardly poin 



>e 13 New Proctor automatic card feeder CoMr/«i' Proctor & Sclnvorts, h'’’ 


equipned°\vith'T^^i!™ stock a wipe apron or cylindrical beat^ 


Whereas a u lags is used as a stripping a^v 

concave Dinned convex comb working against a statin 

cither case th#> regularly employed for long staple stocks 

*Jly mounted into a scale pan supported on pi' 

that the entire o^oterbalance arms with adjustable vreights so ^ 
^ assembly automatically overbalances when the prop^ 
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amount of material has been stripped from the spike apron into the\ 
scale pan 'iChis-averbalanangjnotion instantly-causes the-spike-apron/ 
t o stoj3 ._therjebv— preventing furthe r„stQclc-fa3m^eaching~the-<-firalp 
pan At predetermined regular intervals ranging from 30 to 90 sec4 
onds, dependmg upon the kind of work being run, drop doors in[ 
the bottom of the scale pan are tripped open so as to dump its con4 
tents onto the plain delivery apron of the feeder The doors are 
thereafter immediately closed fay an automatic motion that also resets 
the entire scale mechanism into the weighing position and starts up^ 
the spike apron to begin a fresh weighing cycle This process li 
continuously repeated [ 

While each weighing of stock is being prepared, a pushboard move’s 
forward to even off Ihe rear edge of its predecessor as the delivery 
apron carries it under a paddleboard smoothing device toward the 
feed rollers of the card The pushboard recedes to its starting po- 
sition just in time for the next dumping of stock from the scale pan 
to occupy the entire space between itself and the preceding dump- 
ing Thus a continuous succession of identical scale weighings are 
delivered in the form of an unbroken mat of stock to the feed rollers 
of the first breaker card. 


First or Breaker Card 

( As the name implies, the function of the first or the breaker card 
IS to do the preliminary rough work on the woolen stock The first 
breaker card generally is built in 48 or 60 inch widths with a mam cyl- 
inder of 48 or 60 inches diameter and 30 or 36 inch diameter doffcrs 
with six to eight pairs of workers and strippers (See Table 4 ) A t>pi- 
f cal sectional elevation is shown in Fig 14 of a tliree-cylmder set of 60 
' by 60 inch woolen cards equipped with automatic feeders, me- 
I tallic breast, first breaker card, intermediate Scotch feeder, and angle 
I stripper, delivering to a four-bank tape condenser, this is a \ery 
i common American setup for the general production of woolen >arns 
' £ur cleaning breast Quite often as a precaution, particularly on 
j especially rough..stQclvvei 3 K^jrty,_bun 5 ^, pr^hard^tpck,j.LJa_aihis- 
ab le to usR a m r ialhc breast ri£d i t . A ft er ., t hOccd^olj ers on _ thc_first 
’ breaker The metallic breast has for its purpose the breaking up of 
^ all lumps and hard bunches that may be present m \arious nn\cs and 
^ the correct preparation of the stodc for the first breaker. Such an 
'' arrangement pays for itself in the saMng of the card clothing on 
' cjhnder and workers It is an induidual unit, is intcrchangeab e and, 

!' if not required, can be remo\ed entirely. Tlie jneialhcJireastjijlsualls 


Fig. 14 Thrcc-card woolen set with center-draw nbbon transfer, automatic feeder, and condenser Courtesy Whttin Machine Worki 


pens to consist of a tumbler or hcker-in breasj 
cylinder, and three pairs of workers and 
knppers It is the standard for short-to- 
niedium-length stock free from burrs Other 
arrangements, however, are possible depend' 
mg on the nature of the stock. 

If a stock is particularly buriy, it become 
necessary to alter the breast to permit tM 
niechamcal removal of the burrs, sbives, 
chaff, etc , at this point The breast is 
useful in removing dust from carbonize 
stock A very common arrangement oi a 
special burr cleaning breast on woolen brea 
er cards is shown in !Fig IS 

This arrangement consists of feed I 
a brush, breast cylinder provided with t 
workers and strippers and one burr^ V 
followed by a brush and a burr cylinder , 
another burr guard, then the tumbler 
mam cylinder This burr breast is 
with gamett wire and has two places w 
burrs, slivers, and chaff fall into a pa 

These burrs have the shape of 
soft and grown m spirals of prickly ^ 
which unwind to several inches 
The burr-cylinder blades rotate 
points of the card wire and are set c 
them without touching, knocking the 
bodily out of the stock into the pan. ' 
f This is a very effective means o 
removal, where they occur in of 

titles in the stock For complete . -jn 
burrs and other vegetable 
large quantities the chemiisniieni^ 

bonizing'4s-used*a§,described.jnJ-'h F 

When not required these burr {jjjtf 

beaters can be set away from tn 
<ylinder, thus becoming iuop®{®^'^‘ jjres^! 

Whatever form or construction tn 
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Fig 15 Details of bur breast on the first breaker card 
Courtesy Davts & Furher Mochi^te Co 


works (as it is sometimes called) takes, it performs *e same operation 
to a greater or lesser extent, depending entirely on e c 
the stock A breast is a valuabJe^djtmct.4o*a~br^er^ard,and^^^^^^ 
fQU!llin-mo-rTTioaecn.wodrSC5^ A breast works helps to cl^n 
and break up the stock, accordingly preventing ® 

card clothing, lessens the load on ^the breaker card, a p 
belter spinnable stock. (See Figs 4 and lo ) bv a 

This garnett or bur breast is connected m 
tumbler to the mam cylinder of the brewer card, ^ 

m diameter and 60 to 72 inches wide The «’am ‘:ylinder « provided 
with eight pairs of workers and stnppers, made of 
hghtnes! and ease of handling The workers 7% into 

m diameter and the stnppers are inches in ^a -vender on 
ii- * f e 1 . 1 — of the..maiji.J^yiin.oer«*on 


le. the sep^jijoffefro^ 

move very slowly, ^J^iereaT^fte dothme which 

cyhnder workers, and stfippers are covered with wre clothing, wh ci 
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I Fig 16 Details of garnett wires 


action The type of wire covering, arc 

t points, -'and 'the. direction and the speed of rotah 
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carefully co-ordmated to prevent damage to the stock The direction 
in which the wire points is indicated m Fig. 15, as well as the direc- 
tion of rotation of the various units 

The jancy The stock on the mam cylinder, after it has been thor- 
oughly carded repeatedly, becomes fluffy and voluminous It is the 
function of the fancy to raise the carded fibers to the top of the wires 
of tire mam cylinder It is neither a carding nor a stripping action. 
Whereas tlie wire of the mam cylinder, workers, and strippers is 
short, the wire of the fancy roller is long and is set to reach slightly 
into the card clothing of the mam cylinder. Of course, the surface 
speed of the fancy is in excess of tliat of the mam cylinder, so it can 
raise the stock to the points of the wire on the cylinder and subse- 
quently be removed by the doffer The fancy is a roller 10 or 12 inches 
in diameter, enclosed in a hood and revolving at 900 to 1,200 r p m 
Careful setting of the fancy is essential to accomplish its purpose to 
the best advantage of the stock with minimum wear and tear on the 
wire 

The doffer On the first breaker card the doffer takes the raised and 
carded stock from the mam cylinder as a uniform web deposit on its 
wire surface, and gets it ready to be doffed or removed by the doffer 
comb The doffer is usually 24, 30, 36, or even 42 inches in diameter, 
and rotates very slowly so as to accumulate a fiber web of sufficient 
weight to hold together and make a substantial weight sliver that will 
stand transfer to the next card The doffer brings the deposited stock 
around to the doffer comb, which dabs it off through fast oscillations, 
permits it to be gathered mto a rotating tube or funnel, formed into a 
sliver or band known as card sliver, and passed through a pair of 
drawmg-off rollers onto the next card or into cans provided for that 
purpose 

The question of wider cards, i e , 72 inches and even 80 inches, 
has been discussed a great deal In Europe and m a few mills in the 
Umted States, these wider cards have been used Without increasing 
the speed, a 72-inch card produces 20 per cent more and an 80-inch 
card 40 per cent more roving than a 60- by 60-inch standard American 
card Wit jj tVip introductiQ n^of aluminum wprkers^and.strippjiis.^and 
with higher wagesTSng^rtreuEHy^jqtin need, for gr eater pr oduc- 
tion, it may’Ee~n eces 5 a i y ~TO"^o*'f 6 w^ 

Card Clothing 

Card clothing or wire clothing is the material with which the wooden 
or iron rollers, such as mam cylinder, workers, strippers, doffers, 


462 


American Wool Handbook 


and fancy, are covered to provide a surface for the action of carding 
the wool stock Card clothing consists of wire teeth set m leather or 
combinations of cloth, rubber, felt, and wool, and bent to a unifonn 
angle, all pointing in the same general direction Such card clothing 
is furnished by card clothing manufacturers in two varieties* (1) 
fillet clothing, and (2) sheet clothing. 

Fillet clothing, often called “filleting,” is made in narrow, conttnu- 
ous strips anywhere from 34 to 3 inches wide and any desired or 
ordered' length -Dimensions depend on the diameter of the roller to 
be covered and the clothing is wound spirally and continuousy 
around the roller Fjlle tjalotlun g. gm j 3 euised „ , Q a jira ctical ly«i^lLl^^ 
of Jhej cards,_ whereas sheet ■clo&ini^s^>rima nlv used^ q 
d ers on ly^ A leatfaef foundation or base is gSieralfy eniployed i 
sheets, doflFer rings, fancies, and feed rollers Although rubber 1 
superior to all other kinds of foundations, its cost often prevents 
from being used Other foundations are made in great variety an 
combinations such as Flexifort, rubber face, felt face, wool taw> 
and cloth Rubber-faced card clothing is used where no emulsions a 
used in the stock. 

Wire details Aside from the foundation, there are a 
details regarding the wire used that deserve careful considera^ > 
namely size of the wire, its arrangement in the foundation! 
character and composition, angle of the wire in the foundation, • 
angle at the bend 

1 here are no set rules for the size of wire and its selection 
^ ^ of stock and machinery as well as the sp 
osed Th e stock jiasjtp b e opened gra dually, hence Jhe-clotbing-i^^' 
car djyiirbe~ ^rse.at^rst. gettogBneL^as..ifa^ proces^P 

gresses-Jiach main ^Iinder is, therefore, finer than the one bet 
the workers, stripRers^j and doffers have Q .ommooly.Jbig-^^^“^!Liflfs 
the in auL^ yhnde r m each card, atthguglL-^opje^'^^ 
pref«;ffieI!!S^gp.er.^re.J:o~be-*a-4ittle^coarser Fanaes are . 
types, The straight tooth and the low bend With the strmgn . ,gj. 
wire of two to four numbers coarser than that used on cy 
« used on low stock, especially on the first and the second br 
^or medium stoclc, wire of low-bend fanaes is generally fjf wg 
bers coarser than for the cylinders of first and second ^ 
b inishers usually take fancy wire the same size as the mam cyl _ 
tumblers usually take the same or perhaps one number coafs 

e cylinder’s Licker-ins on woolen cards are made any numb 
aouble convex 15 by 20 up to No 28 diamond point to 

Most of these wire requirements apply to worsted as wen 
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woolen cards On a worsted card the process is continuous and each 
roll IS made finer than the last, the doffer often being one number 
finer than the cylinder For instance, a two-cylinder card with breast 
for medium work might have No 30 wire on the breast, No 32 on 
the first cylinder. No 33 on the first doffer, No 34 on the second 
cylinder, and No 35 on the last doffer, etc 
Card clothing is set with different kinds of metallic wire such as 
iron, steel, tempered steel, brass, tin, and so forth The bes tjvarejor 
i^olen^cardingjis-J:in-or^cadmium=cQated,, tem pered,^teel. which is 
springy and elastic, hence not easily bent out of place Wire is made 
round, elliptical, triangular, and diamond pointed, its choice depend- 
ing largely on personal experience and preference 
There are three gauges used in determining the number or size of 
card wire, namely, the American (Brown & Sharpe), the English 
or Birmingham, and the French gauge Table 5 compares the card 
wire in these three gauges 


Diameter 
Inches 
035 
028 
023 
020 
018 
017 
016 
015 
014 
,0135 
013 

on 
010 
0095 
.009 

0084 37 


Nearest Bqmvalent 


English 

French 

Gauge No 

Gauge No 

20 

3 

22 

7 

24 

9 

25 

10 

26 

12 

27 

14 

28 

16 

2854 

— 

29 

18 

3054 

20 

31 

22 

32 

24 

33 

26 

34 

28 

3454 

2854 

3554 

30 


TABLE S COMPARISON OF CARD WIRE NUMBERS 


American 
Gauge No 
20 
22 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


The card gauges used b}' carders in adjusting the distance^ Ikt- 
tween wire-covered rollers are also based on the same s> sf cm Titc} 
usually consist of a group of four to eight metol blades 
together that resemble a closed 2-foot rule, inches long L - 
inches wide The blades arc of %amng tli!cknc?«:cs <uch a*? No — . 
24, 26, 28, and 30 American gauge. 
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Counts and cro'itnis. A few words explaining the English system 
of counts and crowns might be of interest. In the “counts and 
crowns” system 120-10 means 120 counts, 10 crowns, and tvwa the 
product or 2,400 equals the points in 5 square inches. This is the 
same for both sheets and fillet and for all systems In sheets the crown 
in the above fraction are the number of backs in two rows of 1 men 
or one row of 2 inches In fillet the crowns in the above fraction sk 
the number of backs in one nogg or repeat for 1 inch. In sheets the 
counts for the above fraction are one-half the number of wires m 5 
inches down the sheet In fillet a count and a nogg are the same,ai^ 
the counts for the above fraction are the number of repeats in 5 inches 


STmtCHT TOOTH 
OPEN SET 



SlfiCx: 

fX>'CY 



CO/«*'<7A PTCH 



EXrpA STfiONG 



STfiONO PITCH 




70“ FEFO HOLL 

APPERLEY 

naaij&aza 


Fiff 


BOTTOM PEEO roll COMMON ttCXE/VN 



17- Various tjpes of American card wires. 
Courtesy Davis & Furber Machine Co 


Ihe wires are placed through the foundation by n 
cuts (he Wire and bends it in the form of a staple LJ* 

|n t.ie foundation, forces the staple through, and then 
or forward angle. The teetli or staples arc not 
imough the foundation but at an angle Uiat vanes with 
v^ire and its use on different parts of the card. The wnov-s a ^ 
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^/o/n f 


3 7h^^//tSet 


and the types of wires used for fancies, workers, cylinders, strippers, 
doffers, and breast works are shown in Fig 17 
The staples are set into the foundation so that their crowns, i e , 
the bottom part of the wires, are either (1) plain set, (2) rib set, or 
(3) twill set 

These terms apply to the arrangement of the crowns in the foun- 
dation By plmn set is meant that the crown of the wire teeth over- 
lap in the same way bricks are laid This method is not common in 
the United States By nb set is meant that the teeth are so inserted 
through the foundation that the crowns form ribs on the back running 
lengthwise of the fillet By twill set is meant that they are set in 
diagonal lines like the twill in a woven cloth Sheet clothing is gen- 
erally plain set but most filleting is nb set or twill set (See Fig 18 ) 

The best way to order 
clothing IS to specify the 
foundation, the number of 
the wire, the width of the 
card on the wire, and the 
diameter of the roller to be 
covered, together with any 
special directions such as 
“straight tooth open set,”? 
etc As a rule it is much 
better to leave the setting 
of the wires to the discretion 
of the manufacturer who 
has had such a long experi- 
ence that he usually knows 
what IS best for the work in hand UEjthe-^oints^of-the-.iYii:e,ace-too 
OEgmthe-fitpck w 4 U,not^be^uffiaentIy_^ded If lhey_ are too closp 
/ t oo dense tKe stock will_be rolled up instead of “^ened ou t^ 


s ^ 

4 ~ 


- 9 
— y 






Fig 18 Settings or groupings of wire staples 


Cylinder speeds The production of a card is indirectly affected by 
' the speed of the cylinder Its speed depends directly on the rate at 
which the stock is fed into the card The cylinder speed, as well as 
the production of a card, i e , the amount of stock that can be properly 
carded, are dependent on the grade of stock handled, the size of yarn 
to be spun, and the nature and finish of the fabric to be produced 
(::ard-~speeds,^hereffir^ , ~ ca n n o t , Ji iL.fov£d--arbitTanly Although it is 
customary to run mam cylinders on all kinds of stock at approximately 
the same surfa^ spe ed ,(,a boutJL150JeeL.pexLminute) variations will 
be found of good advantage m many cases 
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Intennediate Stock Transfer Devices 

The product of the first breaker card must now be put * 
transferable condition, which vanes witli the mill or witli the equ'r 
ment available for this purpose There are a number of these 
in use Different mills use different systems, depending on thepf^‘ 
ence of the foremen, on special manufacturing requirements, or 
the equipment m present use These stock transfer systems are 

1 Side balling machine (Torrance). 

2 Apperly side drawing 

3 Center draw Scotch feeder. 

4 Belgian lap system. 

5 Diagonal broad band feeder. 

6 Blamire lap former. 

7 Scotch cross feeder « 

All these systems have particular advantages under given 

ditions, but all of them aim at the one or more objectives p 
to such manipulation of the stock, which are* , 

1 Putting the stock into some convenient form for trans 

2 Mixing the stock with that of other cards. 

3 Making the transfer as rapidly as possible . „ |),e) 

/ Serving to lay the fibers in a different position than ^ 

left the breaker card. . of 

y 5 Feeding a definite, known quantity to the intermedia 
the finisher card. 
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In all these methods of transfer, these objectives are upheld and 
follo>\cd as far as possible In the United States a common system is 
ihe Appcrly diagonal feeder, which is practically automatic and does 
much to mix the slock again. (See Fig. 19 ) 

In older days tlie 
lap system and hand 
feeding were in com- 
mon use Among 
these systems were 
the above-mentioned 
Bl amire lap forme r, 
v nittli IS cspc ciallv 
a'cl a n t e to ve ry 
shori-niicred 
After the mat^ial is 
stripped from the 
doffer, it^ carried 
forward byTT'Iattice 
and7delivef Sg'‘onl6 a 
lo\ye ^a:tnce tlir^^ ^^ 
r then 
wound .^tn to^ "'lap.- 
The thickness of”thc 
wad or the number 
‘ of doublings arc reg- 
ulateiL.bjfc-dQubIe-ac- 
tLon,JKicking-miQbOD 
Two or three laps 
from this machine are 
then fed to the suc- 
ceeding card 



Fig 20 

Whitm center-draw Scotch intermediate feeder. 


, Thi ^old B el gian system, used to some extent by woolen spinners 
in NewTEngland, was deemed particularly effective in getting uni- 
^formity of intermediate card feeding HcjlC-the web was wo und-con- 
itinuously-for— hours^nto^the citcumference^f a Jarge-woode n dr um 
IWhenja.-certain time had elapsed theJ ap. was c ut-agross-and-weighed 
Ifc aref ull v.>Jt7p5sItioh was then^hanged and fed into the intermediate 
The old Torrance balling head had for its purpose the winding of 
the side drawing from the first breaker into flat balls, which were 
placed in a creel and fed to the second breaker This is similar to 
the Platt & Richardson balling machine and its advantages are that a 
larger number of ends can be fed to the second breaker. The larger 
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the number of slivers that are fed to the intermediate, the more even 
the slivers will be and the more thorough the blending of the stock 
and the more even the delivery. 

The new automatic Apperly or Whitiii center-draw Scotch or ll>c 
diagonal bioad band or sliver feeders are preferred in modern P^^nts 
In this category two types a rc comm on, one foE-slioddyr^hOft-SP 
blendSj, where a s hyer wou lcLr^ be strong enough tCL&upport its own 
_Si}gK,and the Apperly diagonal sliver feedrior^ock that is strong 
vCiiough to support its own weight. 





Fig 21. Top view of Harwood Apperly intermediate card feeder, 

showing sliver lay. 



^ Between the first breaker tara ana me i iuciiii w *»-~'> - . 
the mEeffflEdjate-and^e^heiOTsfiefTIcarapS:::?^^^ 
has beenjjn^eLy-intRJdthsedJibat.consists'primanly of two ^ese 
rollers through which the card web is passed The object 
rollers, as shown in Fig 22.js^i Q^crush anyJ iardJbtg g.^y Jegtio 
or shives..pre§entnn-the Jilerid The presence of thesesfibstan g 
the blend will often interfere with the proper drafting aij^ fgdtic* 
of fine woolen yams It is claimed that the Peralta rollers 
me foregoing impurities by crushing them and carding tn^ of 
j of two 12-inch diameter rollers, A Brn* 

chilled mst iron with a very hard polished surface car® 

The web of carded sliver is doffed from the first 
(scribbler) or the intermediate and passed between the r tg jop 
subjected to a great pressure, consisting of the weight o 
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roller (1,776 pounds) and any 
extra pressure required, by means 
of a spring D and a handwheel C 
Pressures from OXo.lO. QOO pou nds 
caxi-H:hus-4xL^ri;ate4^a^«needed. 

After passing through the rollers, 
the web is carried forward by a 
lattice apron or the Scotch feeder 
for the next card . . _ 

The advantages of this device V J ' ^ 

are that* (1) exti:a-cardmg-is*iin- 

necessar3tT-'(2) the cgst.^£ilend- ^ ^ 

mg canbej3iducedjjy,usmg.siock 
thatj^s-xegetable jnattec,jnJlt , 

(3) the s ame blend can,be,spun to 



Fig- 22 Peralta roller device 


fin^^counts-.”(4Tno ^t ra labor cos t is involved, (5) less breakage 
occurs in spinn ing, (6) greater uniformi ty and str enHHTST^al 
yarff is-possible ; ¥nd (7) t here~is' l^s 'bt»3 1og^ta.dQlin-piece-goods 


Second Breaker or Intermediate Card 

The second breaker, often called the intermediate card in a three- 
card woolen system, is very similar to the first breaker, except that 
It has no bur cylinders These are replaced by a licker-in covered with 
coarse wire clothing, because the first breaker has done most of the 
rough work on the stock and removed burs to a large extent The 
coarse and heavy breast works found in the first breaker is also dis- 
pensed with for the same reason The licker-in is not only smaller but 
i,is provided with a licker-m fancy that serves to raise the stock and 
‘to effect its removal to the tumbler, which transfers it to the main 
^cylinder (See Fig 14, showing complete layout of a three-card 
, woolen set or system ) 

/ The wire with which the ma in_c 3 dijndeE,-doffeg,^-vv prkers. and stnp - 
jpersT -gfc, are coverefTis "fih S^ and the card settings are clo ser jnjprder 
'tt o increase the amount of carding o n this car d In modern mills the 
, intermediate or second breaker is directly connected with the finisher 
'Card by means of an angle stripper, eliminating the use of an inter- 
Tnediary-feed system The feed rollers of the second breaker are 
diamond-point wire instead of metallic feed roller wire 
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Where only a two-card system is used (a not too common pracliw 
in the United States) the intermediate card, of course, is eliminatoi 
and the sliver of earned stock is fed immediately to the finisher card 

The Finisher Card 

As the name implies, this is the last card in the three-card woolca 
system or set In ml respects the finisher card is exactly the san|C ® 
the intermediate, except that it is required that the finisher dein 
the product in roving or, more commonly, "roping” form, ■ 
spinning Hence, added to the end of the card is a condenser 
performs this function The card has the same general dimensions 
all parts except that the wire with which the rollers are covered jr 
still finer, depending on the stodc being run. In the illustration 

finisher has the same size doffer an 
j Oi^er^ existing machinery in many American i,»vc 

the double-ring doffer, employed with the condenser Today j 
been largely discarded and machinery builders offer the 
single apron or four-bank double-apron tape condensers, bwaus 
eliminate differences between top and bottom rollers and give a n> 
and yarn as well as an increase in card Pfodwe 
• j j with less waste The-tape cq nden ser-i^^^^^^ 

sitoda^ce^tywhere^tom^^ nd 

, l^any ty^s of condSHser^ have been used in the United St 
they may be listed in the following order • 

Ring doffer system and condenser 
Tube condenser 
Roll condenser 
Rub apron condenser 
Combination roll and apron condenser. 

„ ~ Bollette condenser 

TI 1 %TSy§^of%i condenser and the part th' 

mted States played in its development ) . - . i,„f card 

on condenser is a vital and important part of the fim ” , ^ 0 ) 
and, while more or less all of the types listed have been usw^,„e 
me to time, diffe rences of om mon-are-ore^lent-as-to-t^.^ (3pf 
on certainw^^ four-bank single and douDi 

den<!Pr°” condensef^H be described here It is the only j! 
thoiicrii offered by American machinery builders 

auadrLr® concern still offers four-bank single. do^.Ie ^ P”: 

^ uple rub tape condensers; two-bank double or triple 
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’■5< f.c; 'rr*'; ot 'tn/lc and i.niUjjOc onlcr*- Hnu'cxcr, it is 

* tlfiut'rti ti p* r|f}ri.‘r r< o{ .jLtU.rh.i«}..xaii^lf IJCtlo n m -Slntu hrfl 

t’lict ^cr^ u'lav njjiiiK Jtjc tlu*_ prcto rrcfl . s \ stem, 

'Injir coiKlciPcri* uf*re 

sij'.l }{'iit!^ 5 t!tr< f) 111 ’l l ti n ;) all v.»io!uj null worK. imludini,' 
th e- I r.v %N ( j4 a«4 Uii\\»rc\ 

Tape Condcif^cr. 

'1 hr (Kif 2s) i> m in irnnt of tlio last thifftr 

>.) the tiirPhci tari! and i< \ ‘•ipnuc unit h> itstlf 1 he tajic <.< 111 - 
dcM'tr P Itinh in ‘hS-, f/U, and /i-nuh \Milths, taking; ofi iioin (>0 
fO 



Figr 23 Principle of four-bank, single-apron, tape condenser 

o 200 ends of roping, depending on the character of the stock and 
he si7e of yarn to be made It consists of three essential parts 

f l The dividing of the card web by tapes 
2. The rubbing or condensing of the ropings 
3. The winding or spooling of the ropings 

1 (Fig 23) as it conies from the finisher doffer at full 
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width IS passed through a pair of tal«e-in rollers 2, which 
and in which run endless leather tapes that divide the whole » 
web 1 into as many ribbons as the winder is equipped to nan - 
These wool ribbons are passed in gioups of forty or 
to the lub aprons 3, 4, 5, and 6, which operate in pairs ^ J 
are guided between the top and bottom aprons and receive the 
slight sideward rub or roll as they pass through them, 
compression, emerging from the aprons to be guided or ® ^ 
the roping spools 7, 8, 9, and 10, lespectively There 
on wooden-head, wooden-core jack spools or, if intended mr ay 
on a perforated core made of Monel metal with heads I” 
web and ropings are easily traced by dotted lines and there 
be no difficulty in following their respective courses to 

The previous description demonstrates the principle of 
bank, single-apron, tape condenser in its most modern cons 
which has one tape for two ends Compression rollers prev 
tapes from jumping out of their grooves in the divider ^l! 

a tape breaks, the loose ends will not interfere with other 
not force the compression roller away from the J^-ped. Jt 
allow otlier tapes to jump out of their grooves and be 
simply runs on the floor without interfering Provisions are g 
made for speed changes in rub aprons, which have a forwar 
as well as a quick to and fro side motion or vibration pro 
eccentrics on the side of the frame Positive drive of the ling ^ 
or guides which direct the rolled ropings onto their 0**^ 

serves to give a well and solidly wound spool, ready for the m 
of the latest improvements is the patented internal spool jg cnfl 
the elimination of hubs and projections, and an improve ' ^ 

winding arrangement. ^ 

In the past it was Jiotan easy,„matter^to^change3:he-n 

b.y„a tape jcondenser A new-fiatest^^ 
ment providesJJie-addition-of--two-guiding^-oller-s.forJ^E^ 
the number 1^ one-half and do uble their s^ e ' 

froK Lii j ie -.t QHsoarsejva ms is..nQw^.alS»nplejgiatter ^ jjy t#"® 

one-half the former number of ropings, two ribbons 
tapes are doubled together and condensed into a single jc 

two tapes deliver their ribbons to form one roping* ^ * 

be provided to guide the runs of the tapes into close pr®^. 
this IS the purpose of the new guide rollers 

The spool drum speed must be accurately adjusted to 
of the roping, and for that reason instant and fine adj 
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f<c nndc In nicoir o' nn c'jnUMtuj tlriiin pulley while the machine 
'*• nmniD}: li thi*; wtu not potsihU, the tcii'-inn between aprons and 
ropmji wotilcl tat.<'e •stretchme: oi l.iygint; of the roping 

The winding arranguntiU ns chown can he done difTcrcntly, if 



Fig 24 Carpet roving condenser and testing of roving weight 
Courtesy Btgelow-Sanford Carpet Co 
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mill conditions demand by halving the four bai^, 
carry two smaller spools, or by providing a special 
to give a special wind, or by providing 011I5" six spools Also, 
winders are made that can be transferred from one 
other, if reqmred, or can be used where the width of the spc“ 
different from the width of the card, etc. _ 

The 60-inch, four-bank, single-apron condenser 
2 hp to operate, whereas 3 hp are required for the four-bans. - ^ 
apron condenser. The floor space of such 'condensers ^ofec- 
m^ufacturer but usually they occupy from 8 feet 3 ind^^ ^ 

7 inches, single and double apron, respectively. The speed 
eccentrics is generally not over 300 r.p.m. ^ jggjter 

Condenser tapes and rub aprons are made of the nn^ 
and can be smooth, perforated, grooved, or with diamond 
depending on the stock that is being worked A good ta^ 
square and not varj* in width, since a variation will cause 
of different or vailing widths, hence a roving of differe^ ’ 

flesh side of the tape must be as smooth as the hair ^{5,4:- 

shoidd have the same grade of leather and be perfectly ^cla- 

ness^ of the leather is of paramount importance, because m . ^ 
apph’ed -will cause a different stretch in the different ta^ 
must be firm and sizing must be resorted to make it firm. * 

goes to-.sho'w'lhat.jhe-xondesseris^.a-.delic ate - j^nd 

of the finis ber..cai:dvj£hichJf not 

or "k^n^epair. can causemSClCcSav or nnsat isfec tog’J^gi^ 
^Slfyrreally 


Jav or 


Card^Setting.,, 



awuew laxv* v/**§***^' — 

complished. Such adjustments, of course, are dependent 
lowing factors: 

1. The length of the stock. 

2. The condition of the stock. 

3. The type or quality of stock. . 

4. The land and nature of tiie card do o 

5. The condition of the card 

6 The relative speeds of the pa^ ^ 

7. The number of machines in the woo 
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For instance, if tl^roll ers are jsef Joo^en.or far away, the stock 
\ulljjQtJ3e.piiQpEiji3!:;;;c^dedj3r^ If iKe roIl ers^ers S^oo 

■Igs^ th e W. 00J. fibers. will. be,broken or cut, and the v alue *or"sp inniiig 
|iropertjw»f~4h<u5taclCie£li«:cd Furthermore, settings on the first 
jrcaker are generally more open than on the second or intermediate 
.ard and still closer on the finisher card than on the two previous 
:ards The boss carder is entrusted with all these details and has to 
keep constant vigilance to see that all cards are kept in perfect working 
:ondition at all times lLjfi-an--aft~ef-~) ^at delicacy and reg ies,, a 
;ppd,gai^,^,tra ined ear and ey e 


I I ■ " ' ' 


Card Stripping 

According to the condition, i e , openness of the stock and cleanli- 
ness of the stock (freedom from dirt, dust, shives, grease, etc ), it 
iiecomes necessary from time to time to clean or strip these wastes 
From the card clothing When stock is fine and contains little ex- 
traneous matter it may run satisfactorily for one week, however, if 
the stock is c oarse_a ndJias m uch extr aneous matter present it may 
nave to be stripp^ev^'^a'g r^-^tVtffing 'else being equal the first 
breaker requires inor^requent stopping than the second breaker 
md the latter requires more stripping than the finisher In some mills 
:he first breaker is stripped every day, whereas in other mills it may 
lie stripped every other day The intermediate may be stopped every 
second day and the finisher may run a whole week before strip- 
ping The factor that is taken into consideration here quite often is 
that the whole set is out of operation when any one of the three is 
stripped Some carders keep the intermediate and finisher going with 
spare or extra laps or with extra balls of sliver from adjacent cards 
To avoid this tie-up of cards some carders clean the main cylinder 
ind doffer one day and clean the whole card the next day When this 
plan is adopted, it is well not to clean two cards of a single set all 
through at the same time in order to avoid making a large number 
3f light rovings. Other mills have a stopping crew of two, four, or 
SIX men who strip all three cards at one time, probably the best 
plan, althpugh the alternate plan is good and saves time. No hard 
ind fast rule can be given and one must be guided by circumstances 
ind local conditions 


Reclothing of Cards 

The reclothing of cylinders, workers, and strippers becomes ncccs- 
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longer serves owjng to grinding, that it no 

or dented beyond replP In damaged by fire 

moved comolctelv clothing is re 

directly on the marh I” case of a cylinder, tins job is done 

very delicate and m without separating the cards This is a 

experienced cardpr^ carious operation that must be handled by a» 

coVetdy After the old card clothing hasbeej 

down. All noil holei carefully inspected and sniootferf 

so that the new rJnth ^ ”cw wooden pegs inserted m th^ 
clothiiiff can hp j 1 


t he mechanic 


oes on ai 

for the card 


'-VliHUCr I hie 4 Wt*** uv* VYUUllU . 

card clothing- and lio” regulator maintains a uniform tension onjiic 
tension to the onpratrf mdicator m clear view, which shows thi' 
cylinder which k A special motor it attached to fbe 

112^00 tight Each <;nfr ^ ^l^^b^lQthmgjmis^ 

®°'”®‘'oplM^Dace closed up against the previous on 

card surface is spirals occurs This is continued until f 

the final stnp ifS covered At the other end of the cyl^^' 

'^^JJCiaceJSJ^d down to a puriec^^^ 


When card 


Card Grinding 



hand T ■” 

although^ good p-i’^®®,’^t"^-oiiiLJmiiithsLj^ 
months It depend n •> clothing today will run foV six to « 
card clothing ^ust the quality of the clothing 

pot on the rollers ^ sharpened and evened out after it has 

or filletMg iiaf ^^othing, irrespective of whether it is sb^ 

1 To tL w objectives: ^ /n}, 

equally distant frn ti?" so that each wire point v' 

rrom the center. 
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2. To keep the points sharp so that they will catch the wool fibers 
3 To keep the points smooth so that the wool fibers may be easily 
removed from them 

New card clothing, irrespective of its price or quality, must be 
properly ground and evened out after placing it in position , this oper- 
ation really determines its life and efficiency Many carders sp oil card 
rlnfhmg by-grinHp g it too often and tQO-s eyjS^Y When grinding ' 
card wire two different kinds of points are obtained, depending on 
the procedure in grinding, namely, ihg^/Aw^/^ow^and^the- 
iLOtnt The chisel, diamond, or tool point is obtained when a stationary 
emery roll grinder is used It grinds the point down to a flat or chisel 
edge JEupiactice_|:his , is not very , satisfactory, because when a piece 
of metal,is filed down or ground squarely across the grain, a hook or 
bur point may easily develop, to make a bad wire point and then 
the whole roller has to be reground 
This cannot happen when a traverse grinder roll is used, because 
it grinds the tooth on each side as well as on the top, owing to the 
• traverse back and forth over the whole roll Thi& 4 >r, oduc es_a.jieedle 
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J£a^^i^o^not^ean^jHs 4 )ftmtedjU^ 

a^aarp-.The terra siraph' senses to distinguishlt from the fiat r 
ctiisel point ** 


26 High-speed traverse grinder. Coi/r/wy Dazis & Futier 

Roping and Production Details 

“>“1 production the roping 

cont^tt, with the fibers evenly and closely laid andog- 
larlv spools Such roping must be reeled and tested ^ 

are sapped or ground, two hours 
a dpf?Tiff ^ 1° order to be spun satisfactoril}’, 

of 5 'ards per pound, not only on one spoohj^^, 
sernnri 1, confanuously It is one of tiie duties of the 
wTimn 1, check the roping r^^arly and exacdy» 

^ °f ofer^ra Le ^veight of roping ^ 


^^rds = 40 ^ds, or 48 ends 1 

Careful procedure is < 

mnJ f"cn figured over into cuts or runs, depending on ?r 

S?nlS?T^^ used in each mill, n^hich offers mth the 

've!eh?m^ *uudng from the first breah 


weich 200 tn 590 “ arawing trom tne nrsi u. — 

\Vh • - 220 grains per 3'ard, . b"' 

to sec^fia desired to change the weight of the ropja^p « jr^ 
not bv m'± •»' oAhe feeder a«;.- 4 _ 



15 > 


Blending and Woolen Carding 


479 


ificdjcoHe/sjihich^dnvje the.dumping, arrangement _and -feeder, apron 
Since the roving goes directly to the imile for spinning, no oppor- 
tunity for correction of the uniformity or weight of the roping is 
available Uneven roving is the bane of the boss carder’s existence 
S latic e lcctriciU . which^ is-vci v like ly w ith a dry_stpclL-or- dry at- 
mpsphc rc, ^jtl^ifd _be liwidetUasJiiiich as ^ossSle in a woolen_cayd 
room., The place where it is most serious is the condenser, on, the 
fMrishcrj_3ue,.to tlrcT-friction wliicli the stock encounters there The 
,.only ' remedy, JS„todceep the stodc jclanip,.to provide humidifiers, or to 
.vlse*Tvcut rahzc rs (Fig 27) 

Pioduction and speed of catds The greater the width of the cards 
and the coarser or thicker the roping being made, the greater is the 



Fig 27 Electric. ■n eutralizerJiar&jnstallcdjKinwav.finisher.rCatd 

Courtesy Chapman Electric Ncutrahscr Co 
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production. A fair average production for a set of cards_4.8-4nciifi^ 
wide may be estiip ated a,t from 400 to.450-,poundsi!jof roving^per day 
on two-run yams Tii^ production may be as high as 600 to 700 
pounds per day (single shift). 

The speed of a woolen card is stated in terms of the mam cylinder 
5^’^”ch card should not.be rumiast eLthan 90x E5l» 
a 60- by 60-inch iron» three-card *set^ should be run n6t"^tertna** 
— two speeds commonjy, adhered J:o. 


Chapter 11 

SPINNING WOOLEN YARNS 

T he art of spinning wool dates back to prehistonc times, when 
necessity forced attention to the making of threads or tissues of 
different character, however crude, to fasten skins together and 
provide wearing apparel to keep the body warm For many centuries 
the matter remained static until someone thought of the idea of the 
distaff and spindle, which was used by the Egyptians, Babylon ians 
and other ancient races. The spinning wheel, which was &e next 
step m the art of spinning, is supposed to have originated in India 
The first record of the use of Ae spinning wheel in Europe was 
found in the beginning of the sixteenth centuiy With this device, 
seven times as much yarn could be produced as before Machine spin- 
ning did not come about until the "jenny" was invented in England 
about 1762 (See Chapter I) In 1779 the first machine incorporating 
the jenny was invented in England, where the spindles were placed 
in a movable carnage, constituting the first approach to the modern 
mule. The next development was a very gradual one, and involved 
the application of power to this hand-operated device of about 20 
spindles Shortly after the invention of the jenny came the “billy " 
Power spinning was not introduced into this country until about 
1814, between the years of 1812 and 1826 the hand jack came into 
common use in woolen spinning which, at that time, had a capacity 
of about 200 spindles It continued to be used until after the Cml 
War 

In 1868 and 1869, experiments were made with a view toward 
producing a self-operating jack in Worcester at the plant of Qeveland 
and Bassett, later Johnson & Co , which became Johnson & Bassett 
in 1870 The first Johnson & Bassett mule was built in 1871, 
the first self-acting woolen mule in America The Davis & Furber 
Machine Co claims to have built self-operating heads on hand 
jacks in 1870, and in 1874 began making self-acting mules Since then, 
woolen mules have been universally employed for woolen spinning 
in all parts of the woolen industry of America, and the modem mule 
has developed into the most ingenious piece of textile machinery in 
existence. In 1929 a census of manufacturers reported 2,303,207 
woolen spindles in place in the United States, whereas in 1945 only 
1,609,303 were reported, a reduction of 30 per cent in 16 years. 
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ihis, however, is not to be interpreted as a shrinkage in total 
capaaly Actual production was greater tlian in 1929 because of more 
'pindle hours of operation and a larger production per ^indle Accord- 
ing to the Bureau of Census, of the total number of 1,653,550 woolen 
spindles in place in 1943, 1.395,197 were mule and 258,353 nere 
ring spindles 

From 1912 on, attempts were made by the Whitin Machine Works 
in tins country, and by Platt Brothers in England, to apply the 
pnnciple of continuous ring spinning to woolen yams These ^orts 
to make ivoolen spinning a continuous operation eventually^ w'ffc 
successful While the mule is still the dominant factor in spinning 
W’oolen }ams to give softness and fullness, and is especially advan- 
tageous in handling very short and weak stocks, it does appear that 
nng spinners seem to have overcome the main objections to the 
mine i e , the small intermittent output, the large floor space required 
and the high labor costs. 


Woolen Spinning 

• "^ool stock, which has been carded and converted into a roving 
in the conventional manner described in Chap. 10, is now ready to be 
spun mto yarn of the required rtm or cuf. By run or cut are meant 
numbers designating the yam size, based on length of yam per gi'®' 
■weight. (See woolen and worsted yarn calculations ) Woolen spinning 
involves three prinapal operations, irrespective of whether the inulc 
or the frame — or ring— spinner is used, namely. 


1. Draftmg, or final drawing out 

2 Twristing, or insertion of twist 

3 Winding-on, or packa^ng 

*awmg, concerns the last reduction or attenuation ol 
itself to that weight or thickness required in the fin^ 
instance, two run or its equivalent, 102/3 
1 accomplished by a so-called sfiind/e draft mstead of a 

spiiSng ’ “ woolen ring spinner, or in worsted 

roVing is then twisted to give the 3’ara sufficienf 
oror**^ be laiitted or woven On the woolen mule 

bv- with drafting, but mairiy accomplished 

t«e of n ^he woolen nng frame the mdsting is done h} 

traveler, and is termed nny tvnsting. 
cobs or consists of putting the spun yam into a form such as 
o %ns suitable for succeeding weaving or knitting opera- 
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tK'jj*- I«nfj;c |niK.*4j'r** .u« llu* h!«M iIl\< I dpnu nt in that line, par- 
itcnlath U,i rajj-j, frls .nul h!.ml<t \.iri)s, where bobbins up to 15 
■luhr-. ni |en;;th .uk) 3’^ iiKhes ni <li.itntt(r aie cmplojcd 

Since the nnilt «*? j.uK i^ tin nudinn most coinmoiiK employed 
ui spnntUii: vimlen \.irnv ni tht Lniled Stales, it will be described 
fir-t. 

Thf stlj-iii’iiiu; trult' 'I he modi in mule on which woolen jams of 
ail Mres and de*-etipiions can be •.pun. i*. ofltn termed the self-acting 
mule. briau*-e of it*, practunlh antonutK operation Most people 
di\idc the whole nnehine into two mam sections, le, the head <;tocL 
and the ottttaoc, 'I he foimcr receiMs its power from the mam shaft, 
•and in it originate all the tm|)ortant motions of a mule This pait of 
the mule is usuaih stationarj. The carriage, however, is mo%ab'c and 
bears the spindles that draft and spin the roving into 3 arn, and then 
uind It on the bobbins 'J he larriagc CNtcnds o\cr the whole width of 
the machine, and is slowK mo\mg m and out during the spinning 
proceilurc 

General spUuung prot etlutc W hen the operat on of spinning begins, 
the carnage X (Fig 1) is up close to the deliver}’ rolls H-G-H As 
the rolls and drum L on which icsts the jack-spool M start to deliver 
the 1 oping, the carnage X nlo^cs out at practically the same speed as 
the 1 oping is delivered ^Vhcn the spindle C i caches a certain point, 
which IS detei mined hj the nature of stock, the drum L and ro’Is 
H-G-II stop and the carnage X continues to move out 60-70 inches 
from the rolls The roping is thereby drawn out to about twice its 



Fig 1 Sectional view of mule showing its mam parts 
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original length, or its spindle drajt During the above motion a certain 
amount of twist is put into the roving by the drum A connected ivitn 
the spindle whorl B This is accomplished by the roving slipping oi'er 
the spindle The spindle C, being placed at an angle, does not noi 
the yarn, but simply allows it to slip over the top of spindle as shown 
m Fig 1 One turn of twist, therefore, is put into roving for every 
revolution of the spindle C The combined drafting and twisting 
of the mule gives its peculiar formation to the woolen yam When tn 
carriage X has reached the end of the draft it is stopped and, while in 
that position, required additional twist is quickly put into the 
give it greater strength At this point what is termed the 
speed motion is sometimes used After the twisting is coppleted, W 
spindle C reverses for a few turns This is called backing off t 
faller fingers D-D now begin to function, tensioning and guiding t 
yarn onto the bobbin C The carriage X then starts back toward tn 
rolls H-G-H This is called the "draw-in-motion *’ At the same tirn 
the faller fingers are ascending and descending, guiding the yam on 
the bobbins When the carriage has returned to the rolls, the ^ 
goes through the same motions again until the set of bobbins is nn 
with yarn. 


The principal motions on a mule can be stated in sequence as 
lows for easier explanation; 


fol* 


1 Drawing-out motion 

2 Draft and twist motion 

3 Ease-up motion 

4 Backing-off motion 

5. Winding-on motion 

6 Drawing-in or re-engaging motion 

These are the essential motions in all mules, irrespective of they 
make The motions take place successively, overlapping somew > 
and will be described on the basis of the preceding diagr^ . 

simple terms as possible At the outset it must be realized g 

may be somewhat difficult to coordinate the movements of the 
motions and their function at the different penods, because a ce 
portion of the mechanism may be performing one function, whc^ ^ 
at another period of the spinning process, it may be 
totally different one, both direction and velocity being changed 
headstock is the source of practirally all of the above motions w 
are transmitted to other parts by means of belts, bands, ropes 
chains, as well as gears. 
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Draunng-out motion The first motion brought into play on the 
mule IS the drawmg-out motion, which is the outward travel of the 
spindle carnage from the beam or, if directly in front of the draw 
1 oils, to a distance of about 40-60 inches from the starting point 

When the mule starts out, the spool drum L, the bottom feed rol’s 
H-11, the spindle C and carriage X begin moving (Fig 1) The 
roving IS being delivered by the roping spool M at the same rate as 
the carriage, with its spindle, is moving away The roving, in its 
passage from the jack spool M, passes through a trumpet K and 
thiough two fixed, driven rollers H and H and top roller G (not 
driven), which rests on the other two and rotates with them by 
friction only. 

As the carriage moves out, a slight amount of twist is inserted 
into the roving by the rotating spindle C, whose rotation is imparted to 
the spindle bj*^ a drum A connected with the spindle whorl B by bands , 
fallers D and D1 are out of action at this moment When the carriage 
has traveled a distance of 50 to 60 inches in a 74-inch draw^ the 
jack spool M and the feed rolls H and H are stopped, but the carriage 
continues more slowly until the end of the 74- or 76-inch draw is 
completed During this portion of the draw, the roving is drafted (or 
spindle drawn as against roller drawn) out and the twisting or twist 
motion comes into play to impart the necessary amount of twust to 
the shaping woolen yarn 

Tzmst motion Each revolution of the spindle C imparts one turn 
of twist to the yarn, accomplished by the slipping of the yarn over 
the smooth and round tip of the metallic spindle, for which purpose the 
spindle is inclined away from the vertical toward the feed rolls The 
tendency of the yarn already spun is to rise to the top of the spindle, 
where it slips over the end, putting in one turn for every slip. 

The twisting mdtion goes into action as spon as the drawrolls stop 
the deliver^ of roving The required twist for the length of drawn 
loving, 1 e , 74-76 in , is now put m by increasing the speed of drum A 
so that the required twist has been inserted when the draw is 
womplete. 

Davis & Furber recommend the use of the following table in de- 
termining holes of twist, which are based on a 1-in whorl for 
ordinary work, and a or 1^-in for heaMcr work (cylinder 

pulley of 10-in diameter) Since the yarn shortens as it twists, the 
ends would snap off if there were not some metho 1 of casing-in or 
backing-off. 

‘Draws maj \ar\ from 66 to 76 tn in length 
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Amoiint of twist. Thgrg_i§,DD^tJCulejoiLstaDda 4 =d~t m fo jLJKOOle^^ 
XSSISj,~b&t^gL,watp^^ro_§houldUiaye^eaQUgh --twis t ancLJb-e^stfflJ3^ 
. kn iJi^iOrjyjgayeL satis fa ctorily The turns per incli of woolen 
yarn vary according to the length and quality of the stocks, blends 
and conditions of roping Such yams are usually tested by hand and 
comparison made on the basis of practical experience with trouble- 
some yarn in the past The amount of oil or lubricant used has mitdi 
to do with the amount of twist put into a woolen yam If properly 
lubricated, tlie twist will travel more evenly through the yarn 

Twist factors These factors are based on 100 per cent clothing wool, 
of 1 inch to inch lengths. The amount of twist is governed by the 
length of the fiber, i e., long wools and short noils In Table 2, the 
twi^ terms soft, normal, medium hard and hard are merely relative 
n fleece wools maximum strength is generally produced by a waip 
wist In tl^g_cas^_of_blends containing.>fiQ-.pe. rj^n<- nr , more noils, th c„ 
wis^ must be incr,eased_to givp. satisfactory running yamTwhereas the 
wist must _^^ecr gased iiriong *"^ararTnoKair an3~alpaca blends, 
nother factor influencing the amount of twist to be used is the 
esirecl hand and finish of the final fabric To produce a crepe, the 
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hard twist is used Table 2, showing the twist in woolen yarns, is 
to he used only as a guide and not to be construed as a standard 
The great variety of combinations of short and long stocks prevents 
standardization of the twist Table 3 shows the twist multipliers 
that can be used with various sizes or inns 


FABLE 2 SINGLE YARN TWIST OF WOOLEN YARNS 
(Twist in turns per inch) 


Degrees of Twist 

yarn Number Normal Medium 


Run 

Soft 

Filling 

Warp 

Hard 

Hatd 

025 

166 

207 

2 52 

3 00 

3 44 

050 

2 50 

330 

3 92 

462 

5 34 

0 75 

3 08 

395 

484 

5 71 

6 59 

100 

3 57 

4 58 

560 

6 62 

763 

150 

4 38 

562 

687 

812 

937 

200 

5 05 

648 

793 

936 

1082 

250 

5 64 

727 

887 

1048 

1209 

3 00 

619 

798 

9 74 

1148 

1325 

3 50 

6 70 

851 

1049 

1240 

1431 

4 00 

714 

918 

1121 

1326 

1528 

4 50 

757 

9 73 

1189 

1406 

1621 

5 00 

798 

1025 

12 55 

1482 

1711 

5 50 

837 

10 77 

13 16 

15 55 

1795 

600 

8 74 

1123 

13 73 

1625 

1875 

650 

911 

1170 

1431 

1691 

1952 

700 

9 45 

12 15 

1485 

1754 

2025 

750 

977 

12 58 

15 38 

1816 

2095 

800 

1009 

12 98 

15 86 

18 75 

2163 

8 50 

1039 

13 38 

1636 

1933 

2229 

900 

1069 

13 77 

1684 

1989 

22 94 


TABLE 3 TWIST FACTORS FOR WOOLEN YARNS 


(Mule Spun) 

Degrees of Twist 
Soft 

Normal, filling 
Normal, warp 
Medium hard 
Hard 


Run System 
Factor 

3 57 

4 58 
560 
662 
763 


Formula Turns per inch — Factor V Run of jam 
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Back-off motion When the full length of the draw has been taken, 
and before the operation of winding the yarn onto the bobbin can 
begin, the small amount of jarn between the top of the spindle and 
the yarn aheady on the bobbin must be unwound To do this the 
spindle will revolve in the opposite direction for a few turns. This 
motion IS known as the hack-off The tension fallcr D1 and the wind- 
ing faller D operate as the back-otf motion is brought into play The 
inside winding fallers guide the yarn onto the bobbins, and the tension 
laller tensions the slack yarn Since tlie operation of twisting shortens 
the length of the thread, an ease-up motion is necessary It allows 
travel more slowly while the twist is being put in. 

^ indtng-on motton The winding of the yarn is done while the 
carnage is drawn-in toward the rolls, by means of a quadrant 
mechanism The raiiiage pulls against the quadrant and unwinds the 
quadiant chain This chain is wound onto a drum on tlie w’lnding 
shaft, on which a large winding gear is located. This gear meshes 



Fig 2 Interior of a woolen spinning room Forstmann Woolen Co 
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into tlie cylinder gear on a center cylinder shaft, which functions with 
winding dutches to operate the driving drums The spindle bands 
pass around cylinders and whorls on the spindles and, as the cylinders 
turn, impart a rotation to the spindles 

The object of the builder motion is to build the bobbin shape while 
the carnage returns It works with the winding fallers to build a 
bobbin of definite shape and size As the carriage is drawn in, the 
quadrant mechanism imparts the necessary movement of the spindles , 
the builder motion guides the yam onto the bobbin to produce a bobbin 
of the required size and shape The yarn is guided onto the bobbin 
by the winding faller, the counter or tension faller simply keeping 
the yarn taut to prevent kinks in the yarn The hardness of the yarn 
on the bobbin may be regulated by weights on the counter faller 

Drawing-tn motion This pertains to the movements necessary to 
return the carriage to its original position in front of the draw rolls 
and is done by means of ropes, drawing-in scrolls and clutches There 
are three scrolls on the mule Two of the scrolls wind up the draw-in 
ropes, and draw in the carriage The third is a check scroll, which 
checks or steadies the action of the other scrolls 

This IS the complete cycle of operation in mule spinning which 
repeats itself constantly Only 72 to 76 inches of yarn are spun at one 
time, which is characteristic of mule spinning 

General mechanical details Self-acting mules require 5 to 15 horse- 
power to operate and occupy a floor space of 40 to 100 feet in length 
and 11 to 12^ feet in width Mules are furnished and classified 
according to the number of spindles employed, varying from 200 to 
450, common sizes being 200, 220, 260, 320, 360 and 400. The 
weight of the mule is in the neighborhood of 7-12,000 pounds; 
the height usually does not exceed three to four feet Spindle speeds 
vary from 3000 to 5600 rpm The gauge of a mule is the distance 
between the centers of two consecutive spindles Ordinary woolen 
mules have gauges of 2 to 3}4 inches The driving pulleys of a pair 
of mules are 14, 16, 18 and 20 inches in diameter and back shafts are 
run, usually, at 330 to 360, and never less than 320 rpm For carpet 
mules the speeds are slower and the gauges wider 

Production of a mule. If it runs continuously, the production of a 
mule can be calculated in pounds per each spindle per 10 hours as 
follows 


45 

Weight in pounds = — t-tt 

Run no x seconds/draw 
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For example, if 3-run yarn was spun on a mule making 
per I'^inute, or one complete draw in 15 seconds, on ^ P 
mule with no stoppage, tlie production per 10 hours Avould be 

— — X 200 = 200 lbs of 3-run yarn/10 hrs 

Mule stoppages are numerous and vary fr^ 5 to 

piecing and doffing to give an operating efficien^ of 85 to P 

cent Waste yarn amounts to 2 to 3 per cent Ten per 

ailing than warp yam can be produced normally on a ^ . 

spindles gradually decrease the mule’s efficiency. Dayis c 

has published a production taVe for single speed mules, wM is 

some help in calculating production of mules The table maci . 

their twist pin gear with 100 teeth, 50 holes driven by IS and 

bevels 


TABLE 4 PRODUCTION OF A MULE 


Holes of 

Lbs per 
spindle in 

10 hrs for 1 
rpm of back 

twist 

shaft 1 run 

8 

0144S 

9 

01341 

10 

01252 

11 

01174 

12 

01104 

13 

01043 

14 

00988 

15 

00939 

16 

00895 

17 

00854 

18 

00817 

19 

00783 

20 

00751 

21 

00722 


(Single Speed) 


Holes of 

Lbs per 

tzvisf 

sp etc 

Continued) 

(Continued) 

22 

00696 

23 

.00671 

24 

00647 

25 

00626 

26 

00606 

27 

00586 

28 

00569 

29 

00552 

30 

00536 

31 

00521 

32 

00507 

33 

00494 

34 

00481 

35 

00469 



Itistruciwns for use of table Take the hgure iij the table °PP? 
the holes of twist being used Multiply it by the speed of thc^ * 
shaft and b} the number of spindles on mule This w’lll 
number of pounds of one-run work that W’ould be spun on a jj. 
10 hours, if it ran continuously If on four-run work, divide 
to get proper weight, etc (If measured by grains, use the 3'am ta 
and change to runs ) This table is made for a twist pin gear ' 
100 teeth, 50 holes, driven by 15 and 30-tooth be\els. If the old 5 
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bevels ai c in use with mitre geais, both 23-teeth, divide the result by 2 

boi example, suppose a 200 spindle mule runs at 340 revolutions 
pei minute of the back shaft with 24 holes of twist on three run work, 
the equation would be 
200 X 340 X 006475 

• — = 147 lbs 111 10 houis, proiided tne mule 

3 

nevei slopped If then, by actual w'eight, one were getting 100 pounds 
in 10 hours, one would know that the mule was running 100/147 or 
68 pei cent of the time, and that it was being stopped for piecing and 
doffing about 32 pei cent of the time 

Continuous Wool Spinning by the Frame Method 

Xhc spi nning of^w'oolen yarns in^a continuous.nianuei;by.the-framc 
Uig. thod ar‘co'iit‘raste d -to .the'^mtei mittent dehvejy^pi yam,by. tlie^ jack 
Qi-ni jille. IS a. i^ce^deyelopjnent^jii this country The Whitin Machine 
Woiks lias been the pioneer in this field, whereas some experimental 
work has been done m England Davis & Furber has also gone into 
this business Tlie-AYX»pJi»aRi.njimg^fjraniejS.,being,>-rapidl)f-accepted 
by the _ woolen tra de because, with jta,,ju§ej it, has- been --able -to meet 
** lgL*?asin glv. comnetitive conditions It is tlaiineiLtQ-suitJsill.&nades-of 
wfoQf,jnixturesjof^\voolijcotton,,ancl„jayoii, coarse, caipet jarns-and 
Iv!aittiug«.yauii7^s7y^iraiji jgh^ gi ade^tweecl yai us 

The chief advantages of the_rilig.-'Spinnjng frame on woolen jams 
are the follow'ing — 

1 Production between 2 to 4^ times greater 

2 Floor space for a given production reduced by 60 per cent 

3 Cheaper labor costs in many cases 

4 Larger packages, less time lost in doffing 

5 Yarn quali ty .equal t o and _inore elastic than that of the mule 

6 Warp yarns with fewer knots 

7 Reduced costs in succeeding operations 

The above points are no longer in dispute, and have been deinon- 
stiated under actual mill conditions There w'ere about 258,353 ring 
or fiame spindles in place in tlie United States in 1943 
'^EiUJXO.blCuOi^U (ime spvJWHJ ^ w'ool spinning frame, the drafting 
IS done between two pairs of rolls, with a device known as a twister 
head located betw een each pair The tw ister head on the \\ hitiii 
flame is designed with two tips at the top of a tube and a jaw on the 
liase of the tube, which closes through centrifugal force Immediately 
m back of the twister head a steel rod is fastened called a deflector 
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The roving spools from tlie 
card condenser are held either 
between two parallel hnes of 
drums, m which case every 
other end of roving is carried 
to alternate sides of the frame, 
or on two parallel Imes of 
drums, when all of the roving 
on tlie spool is carried to a 
single side of the frame. 
These drums, by rotary ac- 
tion, pass the roving to a pair 
of delivery rolls At that 
point, the roving is drawn 
over the deflector rod, through 
a twister tube, to the drawing 
rolls (Fig 3) 

The bottom, or drawing 
rolls, are revolved at a speed 
greater than die back delivery 
rolls, and this elongates, or 
draffs the roving. The 
twister-tube- jaw holds the 
yam so that, as the tube re- 
volves, a certain amount of 
“false” twist is imparted to 

the same loffv ffu the spindle tip acts on a mule spindle, to give 
yam is deterniinM amount of agitation imparted to the 

wo^sted-tvmf^irf - the deflector rod If a lean 

very httle'Tctinn K, the deflector rod is raised, allowing 

ends are not thr tw ister-tube-tips on tlie yarn, so tliat the fiber 

results Thts opurutmn ,s continuous'’ 

false tivisVwh^ir bottom pair of rollers, the 

twistinir oneraHon Jr^jparted is all removed, and the actual 

rolls all th?lpmdle.^“ ^ between the bottom mp of the drawing 

adoption^^of wool spinning frame are the 

gveatly increased nmrf, combined wnth the advantages of 

the low labor co^tf /.nf m floor space occupied, and 
labor costs entailed m the ring system of spinning. 
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If roving delivered to a mule or to a spinning frame is slight!) 
une-ven or tmtfy, the lean spots will contain an excessive amount of 
twist On both the mule and the frame, this occurs in the drafting 
operation; on the mule this excessi\'e twist remains in the lean place, 
whereas, on the spinning frame the drafting twist, because it is a false 
twist, is removed as it reaches the nip of the rollers, and the real twist 
IS inserted after the roving has been levelled Xfais«jsJtbejdliief-'reason 
why, fram ejspu n yam Js^vener~.thaa.mule-sDuh^Yarn'>and,4hei]efQt£,a 
str ong er. The wool spinning frame spins yam from roving made as 
heavy, or heavier than that used on the mule. In other words, the 
frame \wll never draft less and, in most cases, will draft more than is 
possible on the mule. 

The latest frame is streamline with enclosed head ends, one shot 
lubrication, motor drive, reverse twist mechanism, traversing device, 
all-metallic thread board, automatic deckboard wiper, anti-friction 
bearings, and an improved high speed spindle, shown in Fig. 4. 





Mechanical details The frame is of heavy, rast 
iron construction The rolls are made of special, 
high-carbon cruable steel, case hardened, with 
bearings and flutes, ground to size, the roll flut^ 
filed and polished to insure smoothness The 
machine handles either one or two rows of jack" 
spools In this machine, the ring rail is stationary 
and the bobbin is built by the lift of the spindles 
This is claimed to give absolutely even tension, 
smce the same distance exists at all times be- 
tween the drawing rolls and the traveler. The 
deflector rod is found immediately above and in 
back of the twister heads, and varies the amount 
of agitation produced by the twister tube pins as 
required. Silent chain drives are used m 
driven and driving chmns An all-steel, metallic 
thread-board and patented, individual lappets and 
porcelain thread guides which can all be^ lifted 
manually by one lifter, are features of this ma- 
chine The spindles are tape-driven gravity 
spindles, simple m construction, steady in 
tion and durable They do not throw oil and 
consume a minimum of power. The improved 
Whitin-Magrath bobbin clutch is used. (Fig. 5.) 

J'lg' S Whitin improved spindle with clutch. 
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Both horizontal or flange rings, as well as self-oiling vertical rings, 
are employed, the latter being preferred in the United States This is 
due to several advantages offered by the latter, including a more even 
tension on the yarn with less end breakage, a greater elasticity in the 
spun yarn, marked reduction m flyings, and an increase in the length 
of service obtained from travelers The vertical ring is usually lubri- 
cated two or three times each day by wiping the inner wall with a 
small amount of compounded lubricant Improved ring travelers are 
available which are made from beryllium copper (2 per cent Be, 98 
per cent Cu) and have six times the life span of the regular high 
carbon steel travelers 

While the plain vertical ring has been found generally satisfactory, 
for high speed spinning a special vertical ring was developed, through 
the use of which the traveler is untfotmly and automattcally lubricated 
at all times, without interruption of operation (Fig 6 ) A reservoir 
or receptacle located outside of tlie ring is filled with oil, which is 
drawn by capillary attraction along a wick, passing through two small 
holes drilled in the outside wall of the ring and connected with the 
inner side by a short recess A slow, steady flow of oil is delivered 



Fig 6 Auto-Iubncated vertical rings with oil reservoir (JVhttvi) 

to the wick, and during the spinning operation, a film of oil from the 
wick is transferred to the wall of the ring by the action of the tra\ eler 
so that there is positive lubrication at all points Anything that inter- 
feres with this capillary action such as dust, particles of metal, an 
excessive temperature, or anything that causes the wick to carbonize, 
stops the flow of the lubricant to the wall of the ring Rings should be 
wiped out at every doff to remove abrasi\ e material u icks should 
be inspected weekly and rings re-wicked semi-annuall} A spare set 
of wicks and rings should always be at hand 
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rinffs autonialically lubricated vertical 

cxamnlf rfi^'crent ty/^cs of Uavekrs, For 

arc oTSent ""i® V" or chaff 

matter to na?c; desirable to allow such vegetable 

tZ L?^ "il^ndcrecl through the traveler. 

twist-tubo device, also known as the falsc- 

It consisS of n of the xvool spinning frame (Fig. 7 ) 

outh piece, bowl-shaped with four pegs projecting 

from the inside face into the 





Fig 


;v >'>^r J l .- 

/ Close-up of patented twisterhcad 

VVhtUn) . 0—7 — — «, — j 

through front lollpr.; rr„,o...* r spring jaws It passes 
front line of leather coverpri ,"iF ^i^ °f fluted rolls and a 

thiead or pot eye down to tlip^ll^ ^ '’oping then passes through the 
the rapidly revolving bobbin f > aveler and thence to 

Draii Tr. 4.1.^ .1 t>. 


path of the wool The slub- 
bmg IS fed into this tube from 
the feed rolls, and is agitated 
and partially held by the 
notches or two small projec- 
tions until It slips away from 
them as the lube is rotated 
The jeiks exerted by these 
piojcctions arc intended to 
have a lex cling effect on the 
thick jilaces that may be in 
the yam The lower end of 
the tube is tapered almost to 
a point, and as the roping 
emerges, it is grasped by the 


Draft To find ^ 

fmmula is employed ^DVraeanriraft Ka?/™'’'' 

on — I-. , & “ / 


Draft = 


20xDGx125 DG 


D G = Draft x 25 


20 X 25 X 1 25 25 . 

importance ThTpro^^ctmn 'ill ^ spinning frame is of prime 
can be found by usine the fS? in pounds per 10 hours, (?) 

cleaning and oilmg is made allowance for doffing, 

A X B X 600 


P = 


600 x 36xR 


or 


P = 


Bx 0409 


R 



Spinning Wooif-^ Yarns 


497 


P — production per i-pindlc in pounds per 10 hours A — diameter of 
front roll. U — rpni of front roll R— run (size) of yarn produced 
Regardinij the Ia\ of the yam on the bobbin, it is good practice when 
changing a fraction of a run cither v ay to increase the speed of the 
'pindlc rail and tluis create more tension, or decrease it to reduce the 
tension, using the same traveler in both cases There should be just 
enough space bctu ctn the layers of yarn that the wood of the bobbin 
can be seen. 


table 6 PKODOCTION IN WOOLEN RING SPINNING 

Court cs\ Whtlm Machine Works 
rpm 

of WOOL RUNS 

r 


Roll 

1 

VA 

2 

2A 

3 

S'A 

4 

4}4 

5 

SA 

6 

6J4 

7 

8 

3S 

143 

095 

0 71 

0 57 

048 

041 

367 

318 

286 

260 

238 

220 

204 

179 

40 

164 

109 

082 

065 

0 54 

047 

041 

363 

327 

297 

272 

252 

234 

202 

45 

184 

123 

092 

0 73 

061 

0 53 

046 

041 

368 

334 

306 

283 

263 

230 

50 

204 

136 

102 

082 

068 

058 

051 

045 

041 

372 

340 

314 

292 

256 

55 

225 

150 

1 12 

090 

075 

064 

056 

050 

045 

041 

385 

346 

321 

281 

60 

245 

163 

123 

098 

082 

070 

061 

054 

049 

045 

041 

377 

350 

306 

65 

266 

177 

133 

106 

088 

0 76 

066 

059 

053 

048 

044 

408 

380 

332 

70 

286 

190 

143 

114 

095 

082 

0 71 

063 

057 

052 

477 

440 

408 

358 

75 

3 07 

204 

153 

123 

102 

088 

077 

068 

061 

0 56 

051 

472 

438 

383 

80 

327 

218 

163 

131 

109 

.093 

082 

0 73 

065 

059 

054 

050 

477 

409 

85 

347 

231 

173 

139 

1 16 

099 

087 

0 77 

069 

063 

0 58 

053 

050 

435 

90 

3 68 

245 

184 

147 

123 

105 

092 

082 

0 74 

067 

061 

057 

053 

460 

95 

388 

258 

194 

155 

129 

111 

097 

086 

078 

071 

065 

060 

OSS 

485 

100 

409 

272 

204 

163 

136 

1 17 

102 

091 

082 

074 

068 

063 

058 

051 

105 

429 

286 

214 

1 71 

143 

122 

107 

095 

086 

078 

0 71 

066 

061 

054 

110 

450 

3 00 

225 

180 

150 

128 

112 

100 

090 

082 

075 

069 

064 

056 

115 

4 70 

313 

235 

188 

157 

134 

117 

104 

094 

085 

0 78 

072 

067 

059 

120 

491 

3 27 

245 

196 

164 

140 

123 

109 

098 

089 

082 

076 

0 70 

061 

125 

511 

3 41 

256 

204 

170 

147 

128 

114 

102 

003 

085 

079 

0 73 

064 

130 

532 

3 54 

266 

212 

177 

152 

133 

118 

106 

097 

089 

082 

076 

066 

135 

552 

368 

276 

220 

184 

158 

138 

123 

no 

100 

092 

085 

079 

069 

140 

572 

381 

286 

229 

191 

163 

143 

127 

114 

104 

095 

088 

082 

071 

145 

5 93 

3 85 

296 

237 

198 

169 

148 

132 

119 

108 

099 

091 

085 

074 

150 

613 

409 

3 06 

245 

204 

175 

153 

136 

123 

111 

102 

094 

088 

077 

155 

634 

422 

316 

2 53 

211 

181 

158 

141 

127 

115 

106 

097 

090 

079 

160 

653 

435 

3 26 

2 61 

218 

186 

163 

145 

130 

119 

109 

100 

093 

082 

165 

674 

450 

337 

2 70 

225 

193 

169 

ISO 

135 

123 

112 

104 

096 

084 

170 

695 

463 

3 47 

2 78 

232 

198 

174 

154 

139 

126 

116 

107 

099 

087 

175 

716 

477 

3 58 

2 86 

238 

204 

179 

159 

143 

130 

119 

no 

102 

090 

180 

736 

491 

3 68 

2 94 

245 

210 

184 

163 

147 

134 

123 

1 13 

105 

092 

185 

757 

504 

3 78 

3 03 

2 52 

216 

189 

168 

151 

137 

1 26 

1 16 

108 

095 

190 

777 

518 

388 

310 

259 

222 

194 

173 

156 

141 

130 

1 19 

1 11 

097 

195 

797 

530 

398 

318 

266 

228 

199 

177 

159 

145 

133 

123 

114 

100 

200 

818 

545 

409 

327 

272 

234 

204 

181 

163 

149 

136 

126 

117 

102 
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/ ackages Fig 8 shows the large spinning package cmploj'cd on the 
uiig iranic, especially in carpet work, ■where S^-in rings are used, and 
io ^ traverse The frame spun bobbins made on 5-m rings w'ill hold 
18--2 ounces of single yarn, while the 5-in by 9-in. twister package 
shown on the left will carry 35-37 ounces of plied yarns Such packages 
decidedly fewer knots and consume less time in doffing 
Bobbins are now made of seasoned rock maple slock and coated with a 
• 'aked enamel, which makes the w’ood impervious to moisture The bar- 
»el IS perforated for the greater part of its length, so that even when 





F>g 8 Modem spinning frame and twister bobbins (IVhtttn) 
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filled with yarn, ample penetration may be obtained when conditioning' 
the yarn 

Some of the advantages of spinning warp yarns on large bobbins are 
as follows higher speeds, hence, more production, can be attained by 
taking the yarn supply o\er-end from large bobbins Machine stoppage 
due to broken ends can be reduced, thus increasing running time and, 
consequently, production Less attention is required by machines taking 
yarn over-end from large packages , this makes possible a reorganiza- 
tion of methods and jobs, resulting in more production per dollar of 
wages Most of the knots m spooling and winding can be eliminated, 
resulting in better running and higher quality in weaving, consequently, 
less burling and mending are necessaiy and the amount of waste is 
reduced 

Variable speeds In ring spinning, it is generally conceded that the 
speed at which a given yarn may be spun is limited by the speed the 
yarn will stand when being spun to the smallest bobbin diameter Hence 
It follows that, if the spindle speed and operating speed of the frame is 
reduced to this critical point at the beginning of the spin, full oppor- 
tunity IS given for a higher speed during the balance of the spin, and a 
higher production may be obtained 

As the speed change on “filling wind” is frequent and, after the 
base IS built, constant throughout the doff, it is found most practical 
to control speeds automatically from the builder arm by means of a 
connecting mechanism between the builder arm and the control box 
At the small of the bobbin, the traversing bolster rail is at its lowest 
point, and the builder arm is at its highest point Converselj, at the 
large of the bobbin, the traversing bolster rail is at its highest point 
and the builder arm is at its low'est point In this position, the niedian- 
ism from the builder arm to the control box is holding the control box 
lever at its most advanced position (farthest position, when facing 
the frame) As the bolster rail moves down, the builder arm rises 
slowly, bringing the control box lever toward the obsencr, cutting- 
in resistance and slowing down the shp-ring-type motor, and the 
frame This operation is reiersed as the bolster rail moves up to the 
large of the bobbin, and the speed is gradiialh stepped up 

To make operation fully automatic, the frame is stopped at 
pletion of the doff when the adjusting screw contacts a knock-on 
Switch under the ring rail When this contact is made the rail ri'^cs 
to doffing position, and the frame conics to a stop 

While this tjpe of drive is not recommended for all mine ;t i< a 
decided advantage on certain work, as it not onlv gives a Iwttc' *p n. 
hut al'o helps the quahtv of the varii and increases prof,uction 



Fig 9 Whitin woolen spinning frame Courtesy Forstmann Woolen Co 


WOOLEN AND WORSTED YARN CALCULATIONS 

worsted yarns are designated by terms such as 2 

^ worsted, which are the stse, nwnher or count of 

specific single yam. 

W or^ed yarns Only one system of yarn numbering exists throug * 
out all English speaking countries It is known as the “English worstea 


Spinning Woolen Yarns 


SOI 


count,” irrespective of whether the yarns are spun by nng, mule or cap 
The size of the yarn is expressed as the number of S60-yd hanks in one 
pound (avoirdupois) Thismeans-thatanumber,10^wo;csted,yarn,^i)uld 
have ten .,5 60-pou nd hanks .or Ji .600- yards per. pound A number 24 
worsted yarn woulSTia^e 24 x S60-yard hanks or 13,440 yards per Ib 
Inot^rjvords, as the number,of,tiie-yarn increases, -the greater becomes 
th e_vardage ^pecopound ^nd.the smaller -the diameter 
In textile calculations such as determining the yardage of plied yarns 
or the weight of yarn in a yard of cloth, it becomes necessary to know 
what size yarn was used Folded or plied yarns are numbered on the 
basis of the single yarn number from which they are made For in- 
stance, 2 ends of 40 single worsted yarn make a 2/40s or 2 ply 40s 
worsted yarn Since there are 2 ends of a 40 single worsted yam, it is 
expected that the yardage per pound will be one half that of the single 
yarn, namely, 40 x 560 divided by 2, which is 11,200 yards The twist 
put into the two ply is usually in a reverse direction to the twist in the 
single yarn and only about Yz the amount, therefore, it has little effect 
on the yardage per pound, as calculated above. The same rule applies 
to a 3 or 4 ply yarn as long as the singles from which they are made are 
the same worsted ya,rn size If twist is put on twistj then a shortening 
of the yarn takes place, resulting in less yardage 

The variation in diameter of different worsted yarns can be seen fi orn 
the data in Table 7 showing the number of ends that can be placed sme 
by side in one inch of cloth Although this table makes no provision for 
differences in weave, it is a convenient guide for fabric designers in 
determining the maximum number of ends per inch in a cloth 


TABLE 7 DIAMETERS OF WORSTED YARNS 



No m 


No m 

Counts 

One Inch 

Counts 

One Im 

120 

234 

58 

163 

115 

229 

56 

160 

no 

224 

54 

157 

105 

219 

52 

154 

100 

213 

50 

151 

95 

208 

48 

148 

90 

202 

46 

145 

85 

197 

44 

141 

80 

191 

42 

138 

75 

185 

40 

135 

70 

179 

38 

131 

65 

60 

172 

165 


128 

124 


ounts 

No tn 
One Inch 

Counts 

No tn 
One Inch 

32 

120 

13 

77 

30 

117 

12 

74 

28 

113 

11 

71 

26 

109 

10 

67 

24 

104 

9 

64 

22 

100 

8 

60 

20 

95 

7 

56 

19 

93 

6 

52 

18 

90 

5 

48 

17 

88 

4 

42% 

16 

85 

3 

37 

IS 

83 

2 

30 

14 

80 

1 

21% 
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The following rules will help to solve problems arising in the mill 
%ith respect to ^rn calculations : 

a) To determine the yards per pound of any known worsted yarn, 
the yarn number is multiplied by 560. 

b) To determine the weight in pounds of a given number of yards 
of a given worsted yarn size, the number of yards is divided by 
the yam size and the standard 560 (or the yards per pound of the 
known yam) . 

c) To determine the yam number when a given weight in ^ains for 
a known yardage is given, the known yardage is multiplied by 
7000 (grains in one pound) and divided by its weight in grains 
and the standard 560. 

Another approach to these calculations is as follows : One yard of a 
nt^ber one worsted 3 ram weighs 12.5 grains, therefore, 40 yards of a 
y^rn weigh 12 5 grains. Now, to determine how much 
p,6W yards of a 40 worsted yam weigh in ounces, 12,600 is divided 

Now, 315 is multiplied by 12 5 grains, which is 
3937.5 grains or 9 ounces 

The International, (Continental, or Metric) system is used in Europe 
importers It is based on the multiples of weight 
of lOi^meter hanks in one kilogram (A meter equals 39 37 inches and 
one kilogram equals 2 2 pounds ) To convert English worsted to metric 
worsted the worsted number is divided by 0 886. One yard of number 
yarn in the metric system weighs 14.11 grains as compared 
i/ Stains in the American system. 12 5 divided by 14.11 equals 
U coo, the conversion factor. 

counts. If two worsted yams of different sizes such as 
l/eos and l/40s are twisted together, the following rule will determine 
the resultant count; 

The product of the two given counts divided by their sum gives 
the resultant combined count. 

^cmple : l/60s and l/40s worsted yarns are to be twisted together 
without allowing for contraction What is the new count? 


Solution : 


60 X 40 
60 + 40 


2400 

No. 24s worsted 

100 
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highest count is then divided by the sum of the quotients The answer 
will be the combined or twisted count ^ 

Example A l/60s worsted, a l/30s worsted and a l/20s worsted 
yam are to be twisted together What is the combined count ? 

Solution 

60 60 = 1 

60 30 = 2 

60 20 = 3 60 

— = 10s is the size of the 3-ply yarn 

6 6 

Conversion factors The metric or Continental System of calculating 
worsted yarn is based on the number of 1000-meter hanks in one kilo- 
gram The American equivalent of 100 meters per kilogram is 496 
yards per pound 

To convert English worsted to metric worsted, divide by 0886 

To convert metric worsted to English worsted multiply by 0 886 

Example What is the metric worsted for a 45s English worsted ? 

45 

= 50 8 metric woi sted 

0886 

Example What is the English worsted equivalent of a 40 6 metric 
worsted t 

40 6 X 0 885 = 35 97 or l/36s English worsted 

Woolen yarns In America, two yarn numbering systems are in use 
for woolen yarns, irrespective of whether they are spun on the mule or 
ring system The- I!run*’ syste m js “extensively used in New England 
woolen mills PC run is lEGe number of 1600-yaid hanks m one pound or 
the weight of 20 yards in grains That is, a four-run u oo’en yarn would 
have 4 x 1600 or 6,400 yards per pound, or, one 3 rard of a one-run 
woolen yam weighs 4 375 grains , therefore, one yard of a 4-run yarn 
would weigh 4 375 grains divided by 4 or 1 094 grains Now to obtain 
the number of 3 fards per pound, 7000 grains per pound is dnided b} 

1 094, to give 6,400 yards per pound 

The other sj stem is the "cut” syste aMised*lh and around Philadelphia 
It IS based on 300-jard chA or lianks per pound, which constitute a 
one cut woolen yarn A ten cut woolen j'am would ha\e 10 x 300 or 
3,000 yards in one pound 

In Older that a comparison of these different ^arn systems inaj he 
made Table 8 has been prepared In addition to the usual nin and cut 


“Comparatnc jam table gives such conversions direcllj 
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S 3 fstems used in the woolen and worsted trade, the denier, Typp 
Grex equivalents are given 


TABLE 8 YARN NUMBER CONVERSION TABLE 


Typp 

Woolen 

Worsted 

Metric 

Denier 

Grex 

1.000 yd 

Cut 

300 yd 

Run 

16'OOyd 

560 yd 

1,000 

meters 

Grams per 

Grams per 

per lb 

per lb 

per lb 

per lb 

per kg 

9jmmelers iu,uuu 
* ^ ^ 

030 

1.00 

019 

0 54 

061 

14,890 

16, aw 
10,000 
8.852 
4.961 
3,100 
2,480 
1,240 
1,111 
1,000 
827 

620 

496 

331 

248 

124 

HI 

100 

83 

56 

50 

050 

165 

031 

089 

1.00 

9,000 

0 56 

187 

035 

100 

113 

7,972 

100 

3 33 

063 

179 

202 

4465 

160 

5 33 

1.00 

286 

323 

2,790 

200 

667 

125 

357 

403 

2,232 

400 

1333 

250 

714 

807 

1,116 

446 

1488 

279 

7.97 

900 

1,000 

496 

1653 

310 

1886 

1000 

900 

600 

2000 

3 75 

1071 

1210 

744 

800 

2667 

5 00 

1429 

16 13 

558 

1000 

33 33 

625 

1786 

2016 

447 

15 00 

5000 

938 

2679 

30.24 

298 

2000 

6667 

1250 

3571 

4032 

223 

4000 

13330 

2500 

71.43 

8065 

112 

4464 

14830 

2790 

7971 

9000 

100 

4960 

165.30 

3100 

8858 

100,00 

90 

6000 

20000 

37 50 

10710 

12100 

74 

89.29 

29760 

55 81 

15950 

18000 

50 

9921 

330 70 

6201 

17720 

20000 

45 


AST M ^ has suggested another method for calculating and con 


verting yarn numbers as follows 
To calculate yam numbers from the weight of 120 yards m 
use the following formulas . 


Indirect (reciprocal) Systems 
C 

Yam number = — where 
W 

W — weight of 120 yd. in grains, 
and 

525 for Wool run 
840 for Typp 
r — J 1500 for Worsted 
1 1694 for Metric 
12800 for Linen and 
(. Woolen cut 


Direct Systems . 

Yam number « W x C 
W = wdght of 120 yd. in giaia , 


and 
C = 


f5 315 for Denier 
(5 90S for Grex 
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Atmospheric Conditions m Wool Manufacturing 

Theory as well as practice has demonstrated that certain atmos- 
pheric conditions arc required in all departments of a woolen or worsted 
null In most modern mills this is accomplished by complete air con- 
ditioning i a^vhich _thc .,tgm pcratprc>«moisture-or.-._humidity^nd-air 
currfiiitsjite pr ^cterminc d ^nd-undersCo^nstant_cqnt«3l Surveys such 
a^Twre receihl5nriacle^n Australian and Amencan mills have shown 
that wide variations exist throughout the industry In setting up stand- 
ards of procedure in this work, the comfort, efficiency and health of the 
operatives had to be considered, as well as the need for ideal processing 
conditions Elimination.^f ,^tatic ^clectncity,_^reasonable, andoor-^tem- 
pcra turc§ ,^corr ect niQi sture^egam^in^th^sfock or productsjind-'the 
gendSTclimatic co nditions of j tlie^ rea A vliere each mill is located are 
essential factdri 

One of the most important points to conside r is the pro visign^ap.d. 
maiiTTwni7ir/» nf thp. .wnnl lifters. IrTTIceep.. them 

pliabl e_and.«!&istantlto^-tfie-rubbiDg.^mixing. drawing and twisting to 
wfiiidi they arc subjected during their conversion into yarn and fabric 
The rubbing and winding tends to produce in the fibers frictional 
electricity (often referred to as static electricity)*' which can cause 
endless difficulties and production delays The electneal charge causes 
the fibers to repel or attract one another or to cling to parts of machines, 
resulting m interruption of machine operation and yarn breaks The 
slivers, rovings and yarns emerge with a bearded, fuzzy appearance and 
a liveliness which is so objectionable that it must be prevented at all 
costs 

Another important factor is that high machinery speeds and the 
general acceleration of production create heat, especially in spinning 
I ooms, which dries out the moisture in the wool and the surrounding 
an This moisture^must be replaceiLjtus ome mann er or the dryne.s 
increases to an undesiraBle” degree 

Methods have been found to control static electricity, temperature 
and moistuie conditions These conditions are not the same for all 
processes and Table 10 shows how they vary in the different depart- 
ments of a woolen or worsted mill While this table does not show 
exact conditions, it does give a general indication of American practice 
at the present time and shows that French worsted mule spinning and 
woolen mule spinning require the highest humidities 
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TABLE 10 RECOMMENDED HUMIDITIES FOR WOOL 


PROCESSING AT 7S“-80*F 


Departments 

Raw Wool Storage 
Mixing and Blending 
Carding 

( Worsted 
( Woolen 
Combing, Worsted 
Drawing, Worsted 


Per cent Hutntdily 
. . 50-55 
65-70 


f Bradford System 
I French System 


\ French System 
f Bradford Worsted 
Spinning j French (Mule) 

(Woolen Mule 
Winding and Spooling 
Warping, Worsted 
Wea\ing, Woolen and Worsted 
Perching or Clothroom 


.50-60 

65-70 

50-55 

75-85 

65-75 

55-60 

50-55 

50-60 

55-60 


Woolen and worsted nulls have concentrated on the control of 
humidity m the various departments as one means of keeping moisture 
in the stock, this, in turn, reduces the temperature of the room and 
most of the time, although not always, minimizes static electricity 
without interfering with the operatives’ health, comfort and efficiency 

to Jie.,roon,i air by providin g.jt.jn^tlieJprJ« o 
v^o r o J^ ^ ely _d i3a^g^mist or droplets, whi cfirea dilv_.disperse an 
Humidifiers, atomizers' anrl snra verQ are available for this 


, Alley are automatically controlled and can oe 

to suit any of the current conditions Jt has be e n fou ndjtbaLiU^^ 
regain mjthe process^ stock falls below 12 per cent in any prQceiSi, 

irgehefally agreed 

t lat the ideal conditions for wool processing are ordinarily obtained a 
temperatures between 75 and 80°F and relative humidities froin 5U 

'r except in spinning woolen and worsted yarns. (See 

iable 10 ) 

A study recently made in Australia*! showed that various conditions 
or the comfort of operatives and satisfactory processing exist These 
are illustrated by Figures 10 and 11, in which critical comfort and 
process lines are indicated for all wool processing, as well as the critica 
and optimum regain 

Dent^*nf ^^^'dittons i« Austraban textile mills Comm of Austrah9< 

of Labor & NaUonal Service Bulletin No 6 (1945) 


RUATIVt NUMIOITV-<(i 
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MIU TEMMIlATURt-*r 

Fig 10 Chart of mill temperature and humidity condi- 
tions showing critic^ comfort and process demarcation 

lines 


In some proc- 
esses such as card- 
ing, garnetting 
and warping and 
where no humidity 
control exists or 
can be used in a 
mill, staticxlimin- 
•ators or- neutraliz- 
ers^ are -used- >to - 
prevent static from 
interfering with 
proper function- 
ing These devices 
consist of inductor 
bars placed direct- 
ly over or under 
the roving, and a 
power unit, which 
is a transformer 
operating at 110, 
220 or 440 volts 
AC One terminal 
of the secondaiy 
coil IS connected 
to the ground and 
the other to a well 
insulated cable 
leading to the in- 
ductor bars which 


neutralize the electric charge on the roping or sto<^ Th^ppgrating 
cost of such a neutralizer is little more than that of an ordinary, Jignt 
b^EjC-Chap" 10, Fig. 27, ^79) 

If these neutralizers are not used and the stodc dries out from ladt 
of moisture or excessive heat, as occurs in drying stock, ^*3^ or goods, 

th cjelect ric chatges.setJip,on.thejlat en a l »wi 11. cause, sparking and-cau 
ciuse fires and acci dcnts„to operath cs. fr om .electric shocks 


Relative humidity and Tcgoin Humidity is a mi^ure of the amount 
of water held in the vapor state by the air. In ^tiporizing the water froni 
the humidifiers, a portion of the heat content of the air is expended. 
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Fig 11 Chart of mill temperature and humidity condi- 
tion showing critical, optimum and trading regain areas 


Thus the humidi- 
fying process cools 
the air, as well as 
adds to Its water 
content This cool- 
ing process, in hot 
weatlier, also im- 
proves conditions 
for operatives. K 
humidifiers have a 
sufficient capacity 
and run continu- 
ously, It IS possible 
for them to dis- 
charge more water 
than the air can 
absorb When this 
point has been 
reached, the addi- 
tional fine spray of 
water will settle 
on objects in the 
room, like a dew 

The point at which 

this takes place is 
called the de'Oi' 


point. 

Humidity is measured in two ways* as absolute humidity and as 
relative humidity Absolute humidity is a measure of the weight o 
water m the air, irrespective of temperature It is expressed m 
per cubic foot The quantity of water which air may hold increases wi 
increasing temperature. An example of this is shown in Table H 
gives the maximum grains of water one cubic foot of air will 
certain temperatures® Mote how, at 70°F , the capacity is nea > 
three times that at 40oF, and that at 100°F the capacity is aOou 
double that at 70°F Thus it can be seen that to give the grains 

Condxhomng ih Textile Mills, A W Thompson, Parks-Cramer Co 
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TABLE 11 WATER CONTENT OF AIR AT VARIOUS 
TEMPERATURES. 

Grains of water 

Temperature per cubic foot 

40'F . ZM 

70’F . . 807 

100"F . . 1997 

water per cubic foot of air is not enough It is also necessary to 
give the temperature of the air. 

The amount of moisture which wool will absorb from any given 
atmosphere does not depend upon the grains per cubic foot, but rather 
upon the per cent of moisture in relation to the temperature Because 
of this, the manufacturer is more interested in relative humidity than in 
absolute humidity. 

Relative humidity is a measure of the moisture contained by any 
atmosphere expressed as a per cent of the total possible moisture con- 
tent at a given temperature. Thus, air holding 2 86 grains per cubic 
foot at 40‘’F. has a relative humidity of 100 per cent^ However, if the 
temperature of the air is raised to 70°F while the moisture content re- 
mains at 2 86 grams per cubic foot, the relative humidity becomes 35 5 
per cent because, at 70“F , the air could hold 8 07 grains of water as 
vapor. Again, if the temperature is raised to 100®F with 2 86 grams 
per cubic foot, the relative humidify drops to 14 3 per cent The above 
example serves to illustrate what happens m cold weather If there is 
100 per cent relative humidity in the outside air at 40®F , when drawn 
into the mill and heated to ^O^F , its relative humidity drops to 35,5 
per cent and, as the air is heated to a highei temperature, the relative 
humidity is even less This shows why it is quite important to have 
humidifiers to maintain the desired relative humidity 

T4ie*aniount-of«jnoisture-whjchjsj>jesent4n-wool’fibersis'e3q)ressed 
pfir. ce nt^oistwe. or per-cent regain. Per cent moisture is just what 
the words indicate, tiie per cent of the sample which is water Several 
of the characteristics of wool vaty with the per cent of moisture and 
research has shown that the relation is directly m proportion to tlie per 
cent of water expressed as a per cent of tlie dry wool itself This is 
the reason for using the term per cent regain. The expression v as de- 
veloped on the basis that the wool was baked until dry and then per- 
mitted to regain the normal moisture for any given atmosphere and 
humidity 
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The term condition is used when speaking of the moisture in wool 
Any wool material is conditioned by allowing it to stand in the desired 
relative humidity for a sufficient length of time to come to constant 
weight Custom has established a relative humidify of 65 per cent ^ 
70°F. as a standard atmosphere in which samples should be exposed 
long enough to attain the normal moisture content for that relatne 
humidity. This, however, is for testing purposes and samples from 
manufacturing operations are rarely at this condition. 

Meastirement of relative humidity The relative humidity prevaihng 
in any mill room is determined with the help of a sling psydirometer, 
which is a pair of thermometers mounted on a spedal fr^e so they 
may be rotated rapidly. A cloth wick saturated with distilled water 
surrounds the mercury bulb of one thermometer and is called the vtef 
bulb thermometer. The other is called a dry bulb thermometer. 
evaporation of water from the wick, as the thermometer is whirled, 
reduces the temperature of the wet bulb thermometer. The rate ot 
evaporation depei^ds upon the relative humidity of ffie atmosphere h 
the air is vejy dry, the evaporation is very rapid and the wet hm 
temperature is considerably below that of the dry bulb By referring 
to a table of differences, often called wet bulb depressions^ it is pos' 
sible to determine the relative humidity directly. 
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WORSTED CARDING 

After scouring, drying, and otherwise preparing long or short 
qualities, including the dusting and shaking of cotty or sandy 
wools, and- the opening and teasing of eotty and lumpy wools, 
they are ready to be fed into the worsted card for eventual 
worsted-top production 

Worsted carding goes further than woolen carding The ob- 
jects of worsted carding are 

1 To straighten and separate and, in general, to make the 
long wool fibers he parallel 

2 To clean the fibers, that is, to remove burrs, shives and 
other extraneous vegetable matter 

3 To blend, distribute, and mix the different lengths and 
qualities harmoniously into one quality 

4 To arrange the fibers into a continuous and convenient sliver 
of definite weight and thickness 

In worsted carding it is very important to straighten the 
crimpy long fibers and keep them as far as possible in a parallel 
position and to have an even distribution of long and short fibers 
in the sliver. Great care is taken to accomplish these objective 
thoroughly or an uneven top and yarn result Since worsted 
yarns are distinguished by strength, uniformity of spin, and great 
fineness with a consequent higher cost, every precaution roust 
be taken in carding to attain these objectives. The long wool fibers 
must not be broken off unnecessarily or reduced in length, the 
short fibers must not be allowed to curl up, accumulate, and 
form neps, bunches, slubs, or balls 

Whereas the woolen carder is more concerned with sufficient 
blending, the worsted carder, because of later drawing opera- 
tions, must be more concerned with the parallelism of the nbers 
Hence, he is limited to lower speeds and requires a larger card- 
ing surface, here his concern is with the long fibers rather than the 
short, because the latter are combed out later Side drawing and 
intermediate feeding devices are therefore unnecessary and all the 
carding required is performed on one long card, rather than on 
the three different cards of the woolen system 

In the United States, three types of cards are in general use 

1 The single-cylinder worsted card, with four Iicker-ins for 
long staple wools (Bradford system) 
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2- The double-C) Imder worsted card, with two licker-ms and 
dividers for medium crossbred wools (French and Bradford 
systems). 

3 The double-cylinder worsted cards, with burr breastworkers 
and strippers for fine burr)' wools (French system). 

For fine and crossbred ivools, irrespective of the system of draj'* 
mg or spinning used, American worsted mills prefer the double- 
cylinder card. 

The preliminary breastworks, as pointed out abo\e, may con- 
sist of four Jicker-ms or a metallic breast, as the individual carder 
prefers No definite preference exists for either one of the two 
methods of opening the wool stock; in fact, great differences ot 
opimon are held regarding them. The main factor in the choice 
of a metallic breast or of fillet-covered licker-ins in the worsted 
card IS the amount of fiber breakage and the shortening of the 
carded fiber, 

American worsted cards are generally of all-iron construction, 
rigidly built and relatively light in weight. Main cylinders are 
cast iron, metallic workers are aluminum, and stnppers are stee 
tubing. The standard card widths are 48, 54, and 60 inches 
Of these the most common is the 60 inch width and 60 me 
diameter of the main cylinders because of its increased eardm., 
surface and number of workers Worsted cards have been 
as wide as 72 inches. They occupy a floor space from 22 to J 
feet in length and 6 to 7 feet high. 

.Production of a worsted card varies with the speed at 
which it can be safely and advantageous^'’ operated and the typ 
of wool that is being handled It varies from 60 to 80 _ 

per hour on long, crossbred wools and from 30 to 45 pounds pe^ 
hour on fine menno wools, \vith cylinder speeds of ^ 

inch widths One authority states that a i, 

ot 100 pounds per hour is possible on long, strong wools, s 
as_ Scotland and Iceland, on a 60- by 60-inch single-cylinder ea 
wnth a 42-inch clothed breast. Even greater productions a 
Claimed for the Proctor all-metallic-wire worsted cards 
Of course, the product of a card is judged by the amount o 
noils it produc^ m the comb and by the number of neps m 
suver; everything else being equal, dose co-operation 
carder and comber is necessary- for a minimum of noilage in comemg- 


A^angement of a worsted card. A worsted card generally con- 
of senes of rollers of various diameters which have differ 
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speeds and directions of motion A card may be said to be divided 
into three main parts or sections 

1 The feeding section 

2 The worsted carding machine proper 

3 The delivery section 

1. The Feeding Section of a Worsted Card 

The feeding of the wool stock to the worsted card is generally 
accomplished by automatic hopper feeders The stock is blown 
from the dryer to large bins or stockrooms from where the 
stock IS trucked to the hoppers of feeders One operator is gen- 
erally used to keep the hoppers full at all times, this job re- 
quires his attention at given periods Feeding devices are now 
almost entirely automatic in operation and serve to keep every 
yard of card sliver exactly the same in thickness and weight 
per unit length Previously the wool was fed by hand on a feed 
apron leading to the feed rolls Since it is practically impossible 
for a hand feeder to judge by feel or eye whether he is feeding 
the right amount of wool at all times, this practice resulted in 
a constant change in the delivered sliver weight No amount 
of practice can do as well as an automatic hopper feed for 
worsted cards 

Feeding devices are not only great labor savers but also cut 
down variations to a minimum They are now very sensitively 
constructed, so that the slightest change in the sliver weight 
can be obtained accurately and quickly. They consist of a large 
hopper in which the scoured w'ool is placed The wool soon en- 
counters the spikes of a vertically moving lattice apron which 
carries the loose fluffy bunches of wool upw'ard; while moving 
upward the wool must pass an oscillating beater comb *^0 ad- 
justed to the lattice apron that no large lumps pass this point, 
nor any more wool than is required The beater comb sene': to 
distribute the quantity of wool over the w’holc vvidth of tlie 
lattice and the wool then passes on over the top of the hopper 
when its spikes point downward At this point the wool beaten 
off by a fast-moving rotaiy’ beater, which drops or beats the 
wool into a scalepan or tin container extending the v ho,e width 
of the card and located dirceth over one end of a ho^rr.»inl 
lattice-feed apron. When sufiicient wool is deposited in the pan. 
usually about pound, it stop*: the vcrtic."*! apron hv 
of a beam and the pan bottom automatically opens up r- a* 
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exact quantity of wool is deposited on the slowly moving, hori- 
zontal, lattice-feed apron Here, it is dabbed down uniformly 
by a dabber and is moved forward by a wooden pushing-up 
board so that it will occupy a definite number of inches on the 
feed apron Hence, pound of wool will occupy 8 inches of 
space, for instance, and therefore, the amount of wool going 
into the card is definitely controlled This dumping of the con- 
tents of the scalepan can be timed, for instance, once every 45 
seconds The whole automatic hopper feeder is carefully timed 
and driven in direct connection with the feed rolls of the card 
These devices are all patented, and they differ only in minor 



2 Modem automatic-weigh feeder. {Courtesy WhtUn Machine iVorks) 
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construction details A typical modern worsted-carding hopper 
feeder is shown in Fig. 2 

Practically all worsted cards are today equipped with these 
automatic-weigh feeds, as they are known in contrast to the 
ordinary hopper feeds which do not weigh the amount of wool 
fed into the card Adjustments to alter the amount of wool going 
into the card are made at the weigh beam and also by adjusting 
the oscillating beater on the vertical, spiked-lattice apron 


2. The Worsted Carding Machine 


The worsted carding machine proper generally consists of 
the following parts 

1 feed rollers. 

2 breastworks, burr cylinders, or hcker-ins 

3 main cylinders and their workers and strippers 

4 fancies 

5 doffers 

6 dickeys 

1 Feed rollers The first parts of a worsted card are the feed 
rollers, which control the feeding of the stock to the card They 
are clothed with inserted saw-tooth wire or fitted with brass rings 
and intersecting steel pins Generally two feed rollers, with one 
stripper clothed with wire or brush fillet, are used for crossbred- 
wools, but for fine qualities three rollers and one stripper roll are 
preferred because this arrangement retains .the wool longer for a 
better opening Townend and SpiegeP found that by the um to 
four lines of feedrollers fiber breakage is considerably les^ned Feed 
rolls are usually 2 to 3 inches in diameter and make about 2 to 3 r p m. 


2 Breastworks The most important preliminary apparatus on 
a worsted card is the breastworks with its feed rollers, licker-in, 
burr cylinder, and, if needed, its burr guards, which ^“trol to a 
large extent the proper opening of the wool stock 1 he Dreast- 
works or licker-ins constitute the chief opening elements f 
stock in a worsted card, depending on the general condition an 
quality of stock run on each card This section of Jb® 
card used to be known as the preparers The longer the wool t 
more preparers or licker-ins (also known as taker-insj were 
necessary This theory has now been discarded in favor of areas - 

~ >Townend. J and Spiegel, H H, / TexUle Inst, 37. TS8-76. March 1946 
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works and burring attachments for short burry wool Since many 
mills are still equipped with hcker-ins (from three to five 
number and with top and bottom dividers) it will be 
to explain their action These cylinders vary in diameter n 
20 to 30 inches They are covered with inserted metallic gain 
wire and angular teeth made flat on top to reduce the 
indents with the object of keeping the burrs, shives, and ot 
extraneous matter on the surface, so that the bladed 
can remove them Round wire between the metallic wire 24 
the same purpose. A common metallic wire is an 18 
diamond-point wire on the first Iicker-in Succeeding hcker- 
are now metallic-wire-covered, whereas in the older ca 
coarse filletmg of No 24, No 26, and No. 30 wire was used 
Whenever wool stock has mestiza or spiral burrs and 
foreign matter* in fairly large quantities it becomes 
to use a burr cylinder or automatic burr cleaner preceding 
preparers or Iicker-ins, or to substitute the burr breastwo 
entirely in place of them Such a burr breastworks is ^ 

the chapter on woolen carding (page 459). Various jg 

builders offer different devices for this purpose In English ca 
a Morel wire-covered roller, usually about 27 inches in 
IS substituted for the third licker-m Its purpose is to allow 
fibers to be brushed into spaces between the rows of wire, ^ 
the burrs on the wire surface to be beaten off by the burr-bea 

American worsted mills use a burr cylinder ^tt 

covered with flattened burr wire (as shown in the list of 
wires on page 460) on which operate bladed steel burr aOJ 
set closely to this burr cylinder They revolve at 
and, being set closely to the burr cylinder, knock off „ 

protruding from the garnett-wire surface into a tray. The on ’ 
which are larger than the staples of wool and do not penetri^i 
the card clothing, are carried on the surface A scraper Knj 
or brush cleans the burr trays at periodic intervals and depos 
the accumulation in a high can at the side of the card 

The number of these burr cylinders and bladed rollers 
on how thoroughly the burrs are to be removed and the 
present in the stock These are the only devices used m , 
United States for the mechanical removal of burrs m j 

wools. In England the Harmel burr-crushing apparatus is ^ , 
also, but It has found little interest here If extreme 
burrs are present in the stock, it should be subjected to 
chemical method of carbonizing instead of depending on the m 
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CO me<*anical removal m the cards. These burrs to 

bun^breStwoSJr^ clothing, especially if they go beyond the 

^ JWf/f j The stock having been prepared and 
5*n +K burrs, if any, it can now be subjected 

by^the main cylinder Avith its workers and 
p* PE ®*, American card constructions are shown in 

»d iiort ^ 

Umf Jrf illustrated are extensively used in the 

wor<?ri>rf a 60-inch diameter double-cylinder 

licker in flu ^ 3^inch burr-cylinder breastworks and one 
tem The P^^?‘=«Jarly preferred for the French sys- 

card with shows all the details of a double-cylinder 

shwn m fh?io« ^ bottom dividers The card 

for cross-Sed preferred in the Bradford system 

and ^be wool has been thoroughly carded 

It is the funrhot!^^<:*Iif*”#^^b^^ers, it becomes fluffy ^d voluminous 
the wwL^S fhe n, J* ^be fancy to raise the carded fibers to the top oi 
The location of Cylinders and allow the doffers to remove them 
a hood to orevenf is usually above the doffer, provided with 

Its hmh sn^H f^y ^11^ wind to upset the operation on account of 
surfafe soefd '^be wire of the fancy is long and its 

points oimosite tn^ f ^ °f of the main cylinders Its wire 

with the^cvhnH#.t° direction of rotation and is back against ba^ 
bches ^ a'^tion. The fan?y is 10-12 

to suit the revolves at 900-1200 rpm usually adjusted 

machine ^ cylinder and the kind of wool running m the 

and ^tsed stop^^f^ serves the purpose to take the carded 

on ite wii s^rface""*"^^^ ^ deposit 

oscillatino- AnfFa , lu connection with the doffer is a” 

froS whfch f "^bes the fiber web from the same and 

om Which It passes through a funnel to the drawing-off rolls 

sted cards all These are employed only in wor- 

card clothincr wti^ s*riall rolls covered with long, flexible-toothed, 
that may h^e ^^amst the doffer, raise any stock 

next revolution ^b® comb, and hence is removed on the 

shives or oth(‘r for °^b®^ advantage of a dickey is that it prevertts 
of the doffer stnA u tuaterial from remaining in the clothing' 
ooner. and keeps the wire sharper and in a much better 
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condition The action is about the same as an ordinary fancy 
Worsted card clothing Concerning tlie card clothing employed in 
worsted cards, rubber-faced, five- to eight-ply filleting is used prac- 
tically exclusively , sheet clothing is not employed at all in the United 
States There is a recent tendency to use a special garnett wire on 
worsted cards It is clothed with metallic wire throughout and the 
arrangement of rollers shown in Fig 3 is departed from for the first 
time in the United States Figure 4 shows the arrangement of the 
rolls and other details of this metallic worsted card, which is used 
mainly on crossbred wools It has no licker-in and dividers, usually 
considered necessary The machine also employs smaller rollers and 
cylinders, exactly half the size of the card just described The builders 
claim reduced fiber breakage, fewer neps and less vegetable matter 
m the card sliver, almost double the production, and no stripping or 
waste made from stripping Grinding is done away with completely 
Half tile floor space is required and less power is consumed Sets have 
also been installed for the woolen system on carpet wools and asbestos 
The factors responsible for the formation of neps m worsted carding 



Fig 4 Metallic worsted card {Courtesy Proctor & Schwarts ) 
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leading to increased noilage in combing have been investigated by 
Townend and Spiegel ^ They found that the most important cause 
of nep formation is undoubtedly the tangled nature of the scoured 
wool normally fed to the card, for when pulled-up tops are carded the 
sliver IS practically free from neps. It was found that the neppiness 
ot the carded sliver is at a minimum when the regain of the feed 
wool lies between 30 and SO per cent In addition, if the amount oi 
residual soap in the wool exceeds 0 5 per cent , the neppiness is 
accentuated, just as it is when the amount of added oil exceeds 1 pct 
cent The presence of burr in scoured wool is without influence on 
neppiness, except in so far as it necessitates the use of burr beaters, 
which promote nep formation 

As regards mechanical alterations to the machine, the nep content 
of the carded sli^jer decreases with increasing speed of the card as a 
whole, but an increase m throughput leads to a higher nep content 
On the other hand, a reduction in the relative surface speed between 
feed rollers and first licker-in causes a reduction in neppiness. A 
further factor of importance is the setting of the workers to the 
swift , the closer these rollers are set to each other, the clearer is th® 
sliver Assuming a constant worker-swift setting, however, ^y al- 
teration to the setting of the hcker section is not reflected in the nep 
content of the sliver 

The action of the dividers, in reversing the direction of tlie woo 
at the divider-licker point of contact, is responsible for a fair pfO" 
portion of neps, and the ratio of the surface speeds of fancy and swi 
is highly critical If the fancy runs at a surface speed higher or low 
than the critical value, there is a large increase in the nep content o 
the sliver As would be expected, too, grinding has a great 
on neppiness, a newly ground card reduced the nep content 
the number present in a sliver produced immediately before grinding 

Grinding worsted cards. Regular worsted cards are best ground 
by using traverse grinders with 9-inch wheels in the following places 

Single worsted cards with breastworks and two Iicker-ms o*’ 
over second licker-in, one in angle stripper bearing for mam cyhn e 
and breastworks cylinder, one over doffer, and one with solid emeu 
wheel for burr cylinder and first top divider 

Double worsted cards with four licicer-ins One over each of the 
second, third, and fourth licker-ins One on the first cylinder fancy 
arm for the first mam cylinder One m angle stripper bearing for the 
first doffer and second mam cylinder One over second doffer an 

“Townend, J and Spiegel, H H /. Textile Iiist,3S, T-17-40, March 1944 
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one with solid emery wheel for burr cylinder and first top divider 
For 10-inch wheels traverse grinders are used m the following 
places Double worsted cards with four licker-ins * one over each of the 
second, third, and fourth licker-ins, one each in special grinder shanks 
for first and second main cylinders, one each in special grinder shanks 
for first and second doflFers, one with solid emery wheel for burr 
cylinder and first top divider The surface speed of the grinding 
wheel should not exceed 1900 feet per minute at about 500 r p m 
Information regarding stripping, setting, and other grinding details 
is to be found in the chapter on woolen carding 


3. The Delivery Section of a Worsted Card 

The delivery of the stock from a worsted card is done by several 
means 

1 a side-drawing balling head 

2 a center-balling head 

3 d railway-balling head 

4 a can-coilmg head 

The sliver generally leaves the doffer of a worsted card in the 
form of a web which is as wide as the doffer This is gathered over 
a curved brass arm, and is compressed by a trumpet or funnel and 
a pair of calender or delivery rollers The most common delivcr>’ is 
the worsted balling head This system collects the stock in a right- 
angle balling head which is equipped with a revolving sliver tube, 
for inserting a mock twist, and a traveling sliver apron The vholc 
bobbin, which has no heads and is about 18 inches wide, traverses 
back and forth, giving a cross-wind to the bobbin Wlien full, the 
central wooden core is taken out and replaced on the bobbin hrad, 
leaving the full bobbin There are several types of these balling 
heads, among them the center- and side-balhng heads For average 
wools the center-balling heads are the most commonly used in the 
United States, whereas for low crossbred wools, mohair, camel 
hair, etc , which require support, a side drawing is preferred 

The railway-balhng, head is used extensi\c1y on the Frcncli sys- 
tem Silvers from seven or eight cards arc collected on one cnn\c}or 
belt and delivered to a balling gear at the end of the group Hie riil- 
W'ay-balhng aids in mixing the stock from the \arious cards bm i' 
only advantageous if a number of cards can be run on the same ^ 

to save considerable labor. . , , . « 

The most recent method of sliver delncry is to take the slr.c- 
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It comes from the doffer and condense it well by means of a funnel or 
trumpet through a pair of heavy calender rolls into a coder; this 
coiler serves to deliver the untwisted sliver into a high (or deep) 
round fiber can The usual way is to lay the sliver in circles against 
the side of the can, leaving a hole in the center The can and the sliver 
rotate at the same time The cans are 14 or 18 inches m diameter, and 
36 or 42 inches deep This can-coihng head method is preferable be- 
cause the sliver receives less handling, and is more easily manipulated 
drawing and backwashing processes 
^The object of each of the dehvery heads described is to put the 
sliver into a convenient form in which it can be handled effidently 
in the processes which follow. The sliver itself should be uniforni in 
weight, yard after y'ard, day in and day out, machine to machine 
Long and short fibers must be blended uniformly, all fibers should 
be as nearly parallel as possible, and lumps or stubs present due to 
piecing eliminated as much as possible All burrs or vegetable matter 
as well as neps, are to be kept to a minimum. Length of staple is very 
important in worsted carding and as much of the staple length as is 
coMistent with good carding practice must be preserved 

The usual sequence of operations in the Bradford system from this 
point on are; 


1 Backwashing. 

2 Gillmg or preparing 

3 Punch or ball winding. 

e (principally by the Noble comb) 

5 GiUmg- (a) Finisher (b) Top box 
6. Worsted-top. 


processes will be taken up m detail Many of the giUj^ 
onlv duplications of the same process and principle, repeat 

y attain uniformity and the desired weight of sliver (See Fig 5 ) 


1 Backwashing 


haw^ j generally employed in the Bradford 

prSarS nS ^nd coarse luster woo^ 

to a boxes, etc ) they are usually subject 

looks VI process is necessary only when the sh 

impur§er^?( ^’^‘^°^°red or dirty, or when large amounts of dust an 
some of thr. picked up after the scouring, in cardin^r 

preparing processes The impurities removed in bad^ 
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Fig S 


washing may be grouped into two classes first, acquired impurities, 

and second, concealed impurities , , ^ j 

The acquired impurities consist of metallic dust and dirt gathered 
during carding or preparing The concealed impurities are those which 
scouring could not remove because of insufficiently open raw -wool 
stock The fibers in a card sliver present a far better surface for eiicc- 
tive cleansing than the stock has shown in any previous process 
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Backwashing is not always done directly after carding but may 
be done after one or two gillings, but always preceding combing, in the 
Bradford system. If the card sliver comes m balls, these are usually 
arranged on the floor, i e , twelve to thirty-two balls around the feed 
end of the backwasher. The ends are taken from the center of each 
ball and fed into the backwasher. Some manufacturers have ^ 
cial creel on which the balls from the railway head are arranged on 
pins and unrolled. This has its disadvantages, however, because o 
“stop and start’’ and extra manipulation difficulties. 

If the card sliver comes from the card in deep cans, ten to tweny' 
cans are grouped behind the badwasher 


Machinery for backwashing. There are two styles of 
used in the United States for backwashing All backwashing ^ - 

can be had with a minimum of one bowl up to a maximum of to 
bowls for the washing, and with either hot-air drying or can 
Two-, three-, or four-bowl machmes are also used in , 

colored tops, whereas two- or three-bowl equipment is generally c 
sidered satisfactory for white card sliver in worsted spinning ui 
and in custom or commission combing plants 
The first suds bowl has a pair of 5-inch-diameter coppm* \ 
rollers, and two pairs of 3 inch-diameter copper or brass ^ 

Sion rollers with weights for top rollers. There is also a 
diameter single immersion roller and a 3-inch-diameter ..r,. 

Another and later construction of the first backwash bowl is the 
stitution of brass-tube skeleton rollers in place of the plain 
rollers and of a 16^-inch-diameter brass drum resting upon s 
354 -inch brass immersion rollers that are driven by frictional j 
The second suds bowl has two 3-inch-diameter copper guide . gj 
and two 6-mch-diameter immersion rollers Rugged pairs ot 
squeeze rollers are securely housed and serve each bowl for the 
moval of excess water or liquor tg,jj 

The first bowl usually takes a solution of olive oil soap ^ 
soap and warm water. The soap should be neutral and 
creamy lather at the mp of the squeeze rollers Alkalies are^ 
dinanly necessary and are not used A new supply of soap is 
when this lather tends to reduce The second bowl is the rinsing 

® temperature of 105“ F (and "O* ^ 
IZO F ) Some operators add a little ammonia and some a 
blueing, if it IS work that is done on commission Such backwas 
improves the appearance of the slivers and noils as well as 
their market value The squeeze rollers remove the excess water, w . 
ns back into the bowl, and the group of slivers are now subj 
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to a drying process Generally, a stream of water is run into the 
second or higher bowl so that the overflow with the excess soap will 
flow down to the first or lower bowl Regular soap additions have 
to be made under these circumstances 
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Drying the slhcrs The group of continuous slhers (or tops) fees 
passes into a dryer, of which there are t%vo t>'pes, can dryers and nt^- 
air dryers. 

Hot-air dryers seem to be preferred in the United States becaoss 
the slivers have no direct contact with hot metal surfaces Many ot 
the older mills, of course, have can-dryer installations, some of ^ _ 
are encased in housings proi’ided with glass windows, although ouicr^ 
have^ no housing at all. There is a hot-air dryer that has three apr^» 
and is housed in cast-iron construction, the sides and tcj> of which are 
double-tludaress steel, asbestos-insulated, and provided _ with r^ 
movable panels and glass windows in the sides and top which percKi 
a full view of all sections of ite interior. The horizontal aprons, 
which the sheet of slivers rests, consist of patented, spirally wovw, 
wire doth. By means of a sprocket chain drive &e aprons pa^ 
slivers three times the length of the dryer. Warm air, heated by steain 
coils, IS circulated by two ball-bearing fans through and over the 
slivers. It is daimed that this hot-air sj'stera gives the wool a 
feel and better color and maintains greater strengdi in the wool. 
sliver group is not under tension, hence there is no opportum^ 
the ends to break down. Even if they did, they would relahi ui£i^ 
relative position on the aprons and could be spliced before diQ' 
the gill box, which is usually used after the dryer. This dryer* css 
be used for drying both white and colored sliver, also vigoureax to?' 
and can dry' from 100 to 400 pounds per hour. , 

^ There is a bado^-ash dn-er (Fig. 6) that is a radical advanceai^ 
m dy*er design because it diminates the old difficultr of speeding «? 
fte drjiiig process to keep pace with the gill bo.xes. The drjnng h®- 
is materially reduced and amazing savings are made in floor 
steam^ and moth'e power. Added advantages daimed are increaseo 
capacity and perfect uiufonm^' of dried sliver. 


Offing the sUvers It is the feature of the English g'stem 
^ool IS wmbed in oil. The addition of oil is made not only to farih 
tne further pro^smg of the wool fiber in the subsequent gifliof ® 
com mg operations, but also to give psirticular properties, such 


- uaumc to me nnisnea top siivci. xxi . 

« added. The choice 
discussed under the heading of 

to Chapter 10 on woolen carding. The application o. ^ 

to feed end of the gill box 

to the backwashing machine. 
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One of the simplest oiling devices is a plain, smooth, metal roller, 
which IS mounted in a trough of oil so that a portion of its circum- 
ference comes in contact with the emulsion This roller, slowly rotated 
by a belt, carries a thin film of oil on its surface upward and around 
until, by means of one or more little metal gutters, tin strips, or 
scrapers, the oil is conveyed by its own weight in droplets onto the 
wool running directly under them The amount of emulsion can be 
regulated by the number of these conductors employed Of course, 
a supply tank is provided also, which by means of a simple copper float 
or disk keeps the level m the oil trough always the same, ensuring 
absolute uniformity of oil supply to the passing wool There are other 
methods of supplying oil emulsions to the wool but this is the simplest 
device used extensively in American mills 


Gilling or Preparing 

The properly backwashed, dried, and oiled group of twelve to 
thirty-two slivers now enters a gill box connected directly to the dryer 
The gill box constitutes the third section of the machine and provides 
a means of delivermg the slivers in a form suitable for future gillmg 
and combing operations On the Bradford system, using long and 
crossbred wools, the slivers are combined into one and delivered into 
sliver cans rather than balls The word preparing means the prepara- 
tion of the wool for the comb in a preparer or gill box 

Principle of gtlhng In a gill box two important operations take 
place (1) a combing operation, when fine steel pins pierce the 
wool and comb it out, and (2) a straightening operation, when the 
front rollers draw tibe wool through the assembled faller pins The 
ratio of the speed with which the slivers enter the gill box, and 
that at which it is taken away in this operation, is called the "draft " 
This simply means that if for eveiy inch of sliver entering the gill box, 
twelve inches are delivered from the gill box, it constitutes a draft 
of 12 The draft, of course, is divided into back draft and front draft, 
which will be explained later 

The pnnaple of the gill box as it is used in the Bradford system 
IS best illustrated by Fig 7. 

B C 

A 

Fig 7 Pnnaple of the giU box and fallers. 
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The sliver sheet enters feed roller A and, as it does, fallers B and 
C, which have one to three rows of strong steel pins inserted in them, 
come up into the slivers and move away in the direction of the arrow 
faster tlian the sliver, and hence subject the wool-fibers to a comb- 
ing action The fallers travel along for about 6 inches and then 
drop into a lower level, to be returned to the feed end again One 
faller follows another and there may be as many as sixteen to 
twenty-four fallers working m such a gill box The slivers move 
forward in a horizontal plane and are finally gripped by the pair of 
delivery rollers, which deliver the sliver through a trumpet and 
calender rolls D into a sliver can, usually rectangular in shape. 

While the fibers are held by the back roller, they receive more 
combing action than after they are released. While being held the 
fibers are combed by a set of progressively-forward-moving bars, ivith 
one row of vertical steel pins each working between them These bars 
^e termed jailers and rise into tne wool as soon as it comes from 
the back rollers The surface speed of these fallers is greater than 
that of the back rollers, and the wool is opened and straightened bv 
the action of these pins and fallers At the same time there is a draft- 
ing as well as an intermixing of fibers and slivers This action con- 
tinues for the distance between back and front rollers, until the fron 
ro.Iers grip the wool and draw it away from the slower moving" pi^®» 
which then drop out of the wool and down and are then rapidly re- 
turned to the back roller A 

The ratch or distance between back and front rollers (center to 
center) varies according to the length of the wool With long wools 
the distance may be 20 inches and with shorter-than-7-inch wool it 
may be only 10 to 12 inches The diameter of the pins, the length of 
e pins, and the rows and the spacing of the pins vary m su 
machines according to the stock On the first gill box they are larg« 
in diameter (5/32 to 5/64 inch) and long (3 to 1)4 inches) in J 
single row and set openly (three to six per inch) At any one time 
there are usually twelve to sixteen fallers operating in the upper 
ot a machine and seven inoperative The material is delivered oy 
e front rollers to a leather apron when a flat band is to be ma 
for coiling into a metal or fiber can Or, if a round sliver is to be made 
ribbon is ^livered through a trumpet and a pair of ealen 
t speed of the calender rollers is about 2 t 

P . nt higher than the delivery rollers to prevent the sliver fr 
p mg up around the guide plate and passing down in bunches 

There are three drafts to be considered ^ 
ckwash gill box (for that matter, in any gill box) (1) back draf . 
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(2) fiont draft, and (3) total draft 

The word draft is a coininon term w all textile work, whcrevei 
di awing of slivers or rovings is done In all gill boxes and drawing 
machines the front rollers move faster than the fallers and the fallers 
move faster than the back rollers The relation of the surface speed 
of the fallers to the surface speed of the back rollers is known as the 
back diaft The relation of the surface speed of the front rollers 
to that of the fallers is known as the fiont draft The relation of 
the surface speed of the front rollers to that of the back rollers is 
known as the total draft 

The relation of these drafts is carefully adjusted to the various 
stocks and differs with various gilhng and drawing operations Some 
foremen consider that there are two general aspects of drafts, namely, 
(1) mechanical drafts, and (2) material drafts 

The mechanical draft is the ratio of the surface speeds of the back 
and the front rollers The material draft is the fiber movement oc- 
curring m the machine and is expressed as the ratio of the length fed 
into the machine to the length delivered For instance, a back roller 
may have a surface speed of 100 inches per minute and the front 
roller a surface speed of 600 inches per minute, this would be me- 
chanical draft Material drafts are expressed in weight of sliver, for 
instance, if a sliver weighing 12 ounces per running yard is fed into a 
backwash gill box with a draft of nine, the sliver issuing from the 
gill box would weigh 11/3 ounces per yard 

In calculating mechanical draft, the gears and the rollers which affect 
It are generally divided into two groups 

1 Drivers or increasers, which are those that when increased in 
size or number of teeth would give more draft 

2 Drtvens or decreasers, which are those that when increased 
m size or number of teeth would give less draft 

Usually all "drivers” are multiplied together, and all “dnvens ” 
The drivers’ product should then be divided by the dnvens’ product 
and the quotient obtained is the draft in that gill box A typical set 
of speeds is assumed to demonstrate the calculations 

Surface speed of back rollers=I44 inches per minute 

Surface speed of fallers=144 inches per minute 

Surface speed of front rollers=864 inches per minute 

With these assumed speeds, it is relatively simple to calculate the 
"front draft” 


Front draft = St^face speed of frontrollcrs 

Surface speed of fallers 144 
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Calculation of the '*back draft*’ is as follows: 

Back draft = Surface speed of fallcrs ^ 144 j 
Surface speed of back rollers 144 

The total draft of a backwash gill box, as explained before, livouk 
be the ratio of movement between the back and the front rollers, wwc. 
may be expressed in this way: 


Total draft = Surface speed of front rolls _ 8^ ^ g 
Surface speed of back rolls 144 

The total draft can also be found by multiplying the back an^ 
fronts drafts, thus 

6x1=6 (total draft). , 

If one is not familiar with the gear calculations and 
up a total draft calculation, it would shape up as in the follow s 
calculation (which can be traced easily on any gill box) : 


Draft 
Gear 
33 X 

60 X 

Front roller 
Mam gear 


Dtam Front 
Roller 
19/16 

Diameter 
Bade roller 


1st Large 2nd Large 

Stud Gear Stud Gear 

X 60 X 50 

X 19 X 40 

Back First small 

shaft gear stud gear 


Sack 

Roller Gear 

X V ^ 

X 19 X 

Second small 

® Total dmff 



These calculations, of course, can be utilized to calculate ^ 
gears and draft clianges and to obtain a balanced production 
any gill box and keep it in line with the production of the , 

rnachine and others A balanced production throughout a set 
gill boxes necessitates such calculations and changes frequently 

behind, the production of the whole set, range or 
sortment is delayed. 


damacr roller pressure can not be employed because of re ^ 
to^fL° to soften tli “mp" and to be 

the firct pressure, the rollers were covered with jgnt. 

St efforts to avoid such damage This was not sufn 
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however, wlien large numbers of heavy slivers were going through 
the machine Others utilized an endless leather apron running 
over top roller or bottom roller or both, as is often the case on 
deliver)' rollers of backwash gill boxes To hold these in position 
and prevent them from slipping on the smooth rolls, it became 
necessary to "flute” them The flutes are smooth valleys, cut hori- 
zontally or spirally across the roller’s circumference. A single roller 
ma} have from four to six flutes in its circumference Such rollers are 
made of special steel that has been thoroughly casehardened Top and 
bottom rollers must be fluted the same way and fit perfectly, other- 
wise trouble will ensue through cutting or chafing of the wool fibers, 
particularly when running rapidly The fluting of the rollers was 
found to be the best method of handling wool on gill boxes, of ob- 
taining the greatest parallelization of the long wool fibers, and of 
eliminating slippage in the feed or delivery roller nips Endless 
aprons can and are run especially between the front rollers because 
they run at a greater speed than the back rollers and have a thinner 
layer of woolen fibers between them The leather acts as a cushion 
and prevents the fibers from being cut, yet it grips the wool firmly 
and in this w'ay the drawing effect of the rollers and the whole drafting 
process is increased 

The preceding calculations for front, back and total drafts are 
affected when fluted rolls, especially in combination with leather 
aprons, are used There are many mathematical ways of calculating 
the output of fluted rollers, but they are not for the practical man 
because there are too many variables to be taken into consideration 
The most practical method for determining the output per revolution 
of all such rollers, whether or not a leather apron is employed, is to 
run a thin flat cloth or paper tape through the actual pressure of the 
rollers for ofte complete revolution of the bottom (or driven) roller of 
the pair For this purpose the roller or the gear attached to its shaft 
is marked with chalk, in order to be sure that one complete turn is 
given The amount of tape taken in by the rollers can then be mea- 
sured in mches more accurately than it can be calculated These 
figures can then be used directly in the preceding equations in place 
of the calculated diameters of the rollers 

Stop motion Many mills running on the Bradford system, where 
such gill boxes are extensively used, like to place uniform lengths 
of slivers into the cans or upon the balls For this purpose stop 
motions are employed, irrespective of how many heads a gill box 
has By a head is meant the number of cans or balls made on any gill 
box There are usually two heads to a backwash gill box, i e , tivo 
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balls or two cans in the delivery head. A loiock-off and measuring 
motion of the “candlestick” type is generally employed It consists 
of a short upright shaft which receives its motion from the front 
roller b}'" a single worm A change gear is placed on the top of this 
shaft, which engages with the worm At the bottom of this shaft is 
a base gear, w^hich engages wuth a stop w’heel The base gear has an 
indivisible number of teeth — ^usually twenty-nine — ^which prevents 
the same teeth from meeting until a w'hole Q^de is completed The 
stop gear is fixed to a moi^able stud which is pushed to actuate the 
stop lever when two projecting pegs or catches that are located on the 
top of Ae base gear and the stop gear meet. The can s usually hold 
3’ards of giUed sliver. Fiber or tin cans are used, 
which usuaUy ineasure 40 inches high and 12 inches in diameter, 
riber cans are lighter, cheaper, and veiy popular. 


Fvrfhcr gtllhig operaiions. The backw’ash gilling is followed by 

o to four additional gilling operations very similar to tliat described 

ihe number depends on the condition of the carded sliver after 

baclwasmng Usually two more gillings are given as a preparation 

.system of combing, w'hich is usually carried on 

wnth a bioble or arcular comb. The backwash giU boxes, or can gill 

boxes, ^e used for this operation. This additional gilling is necessary 

o put the slwer in the proper condition for combing and give it the 

desired weight. The process remains the same except for an increased 

number of pms per inch in the fallers, and the relative speeds and 

the ends up behind each machine 
% 

Dotibhug.^ Since the card sliver, yard after j-ard, is rarely very' md- 
^ '' ^§bt, due to grinding, stripping, or cleaning of the cards 

d occasiraal vanations in the feeding of the card, depending oh 
whether a hand feeder or automatic-weigh feeder is used, it becomes 
necessan' m the two tn fnnr mii; — A 



is possible This IS accomplished by feeding a number of sUvtyS 
into gill boxes Md combining them into one or two shvers as die 
case may be This proc«s is knowm as “doubling”. It also sen'cs the 
purpose of fuller mixing the stock or wool fibers and of obtaining 
a greater distribution of the A-arious lengths of fibers throughout the 
sliver. 

To illustrate this, the backwash box mav receive 12 ends or slh’ers 
if It is a ji;i( 7 /e-head can or ball giU box,'or 24 ends or slivers, it » 
oOK&fe-nead gill box. Suppose 12 slivers, each weighing IS ouu*^ 
per 10 3 'ards or ounces per j'ard, are fed into a macliine, the 
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feed would be 12 X I 5 or 18 ounces per yard This would be drawn 
out to 15 ounces per 10 yaids and, at the rate of 82 inches per 
minute of feed, would deliver 40 ounces for a production of 150 
pounds per hour The delivery in ounces per 10 yards is obtained 
by dividing the feed in ounces per yard by the total draft, and multi- 
plying by 10 

60 X 10 

=16 6 ounces per 10 yards of delivery 

36 

The inches per minute of feed is obtained by dividing the surface 
speed of the fallers by the back draft (see page 531) . 

144 

= 24 inches per minute of feed 

6 

The more times the slivers are “doubled” the more uniform will 
be the sliver weight and the mixing of different slivers from several 
cards or even of different lots, if it is desired to amalgamate them 
The greater the number of doublings the better the mixing and the 
uniformity of sliver and final yarn, if no combing is done 

After repeated doubling and gilhng, depending on the resulting 
sliver product, the sliver is now prepared to go to the comb 

3 Punch or Ball Winding 

For the Noble comb it becomes necessary here to convert the 
slivers into balls, four slivers per ball The machine employed is 
called a "punch” and its principle is very simple Four slivers of the 
proper weight are fed through guides into the machine and wound 
side by side and under pressure upon a square spindle with circular 
disks attached to each end When the ball is large enough, one of the 
disks is moved out or away, permitting the ball to be removed Punch 
balls in preparation of combing weigh about 20 pounds each and 
there are eighteen needed to fill up a Noble comb, making a total 
of 360 pounds of wool for one charge Compactness of the ball 
IS obtained by a pressure weight and lever, which compress the 
ball during winding Care must be taken that all four ends are 
always present and that no “slicing” is done when the balls fall apart 
into two or three pieces 

The weight of the slivers differs with the type of wool being run 
and can vary from 14 ounces per 10 yards on fine short wools to 
24 ounces per 10 yards for coarse and long wools 
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Several types of balling marhines are in use, some even provide 
a speed reduction during winding, i.e , winding rapidly at first and 
then more slowly as the ball increases in size, so that the sliver will not 
be pulled too fast as the balls fill up Spindle removal or head re- 
moval IS used for the doffing of the balls 

BRADFORD WORSTED COMBING 

Worsted combing has three distmct functions to perform: 

1. To remove and separate the “short wool" fibers below a pre- 
determined length. 

2. To straighten and to make the retained long wool fibers he RS 
parallel as possible 

3 To remove foreign impurities, such as burrs, straw, shives, kemps, 
neps, weak fibers, and dust 

In worsted combing the long staples or fibers are retained and 
made into comb slivers and later into “worsted top", whereas the 
shorter, wiiy fibers are rejected in a fibrous mass known commercially 
as noil, which forms a raw material used in the manufacture of 
woolen yarns and piece goods 

Worsted yarns are made from the long and straightened wool 
” if obtained from the worsted combing process, irrespective of 
whether this wool is the long, coarse, lustrous and straight used m the 
Bradford system, or the short, fine and crimpy used in the French 
system It is combing that gives worsted yarn made on the Bradford 
system its straight, smooth, clean and uniform diameter and appear- 
ance as against the rough, bulky, and irregular diameter and appear- 
ance of woolen yarn. 


Combs and Combing 

Four types of combs Worsted combing can be done on various 
^^es of combs invented in the nineteenth century in the United States, 
Uingland and France. Their selection and judicious use for various 
Qjpes of wools and hairs is a matter of great economic import^ee 
The choice depends largely on the type of wool to be combed. Her 
length, fiber diameter and amount of noil permissible are taken into 
careful consideration. The types of combs available for worsted comU- 
ing are four in number . 

1. Circular comb 3. Rectilinear comb 

2 Nip-motion comb 4 Square-motion comb 
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They arc also known by tlie names of their inventors the Noble 
or circular comb, the Lister or nip-motion comb, the Heilmann, French, 
or rectilinear comb, and the Holden or square-motion comb As far 
as the Bradford system in the United States is concerned, the only 
ones which come in for consideration are the circular or Noble comb, 
and the nip or Lister comb Of the two the Noble comb is the most 
common in the Bradford section of the American worsted industry 
and is the one which will be described here However, a comparison 
of the two latter combs will serve some purpose 

The Noble comb is the most comprehensive machine of the worsted 
industr} and can accommodate all qualities and a wide range of wool 
t)pes Its production is greater than that of any other comb, and the 
quality of the noil and <^he top is usually entirely satisfactory 

The nip or Lister comb can be used only on long wools and hairs 
and the principle of combing employed is most suitable with longer 
wools of rather loose nature Its action is almost human, easy and 
with a minimum of fiber breakage, yet the separation of long and 
short fibers is thorough The tops produced are the smoothest, with 
the fibers absolutely parallel and of excellent spinning capacity. The 
nip or Lister comb is used so little in the Bradford system in the 
United States that any further description is not considered essential 

History of combs. The invention of these combs is of some interest 
to the people in the industry Hand combing continued to be practiced 
until about 1870 Hand-combed slivers were used for fifty years 
after open drawing and throstle spinning machines were introduced, 
which proves that combing was Ae most difficult problem to solve 
and mechanize, particularly so on wool Not until 1853 could a comb 
be used without individual attention The first comb was invented 
in 1790 by Dr Edmund Cartwright It was called the “Big Ben” 
and consisted of four hand combs placed on a drum Although it 
straightened out the fibers, the removal of the combed wool was 
exceedingly difficult Up to 1805, Dr Cartwright had evolved three 
models, all of which had some elements which are retained to a 
degree in our modern combs James Noble of Leeds in England in- 
vented the Noble or circular comb in 1805 and made further improve- 
ments on it in 1833 1835. and 1845 It represented more than forty- 
eight years of study and experimenting in the life of the inventor and 
was patented in 1853 The Heilmann comb, invented at Mulhouse 
(France) in 1846 was not originally a worsted comb Heilmann ^ 
a student in engineering and made this comb to win a prize of 5000 
francs offered by an Alsace cotton manufacturer for the combing of 
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Mtton A description of the Heilmann comb is given in the section on 
hrench worsted combing in this chapter 

In 1849, Lister and Donisthorpe invented a comb In 1848 the 
square-motion comb was patented and by 1856 reached its present 
state of perfection ^ 


Principle of combing In all worsted combing there are five stages or 
“PS 

o the wool to the comb 

2 Preliminary combing 

3 Final combing 

4 Sliver formation 

5 Noil removal 


comb has its own method of feeding the 

Tvers are If ^ “punched balls” of four 

does and fn comb takes the wool like a gill box 

same in everrr of preliminary combing is the 

It A fnntrp^f different ways are used to accomplish 

clamos are iiQPri'f ° }f oomb pins, press knives, and steel 

off rollers whirh completed in nearly all cases by drawing- 

is made throinrlAif ^ fibers and pull them out of the pins The sliver 
fibers and nacFti ^ ^S^ucy of drawing-off leathers which collect the 
with each ?oSh formation Noil removal varies 

drawn awav frnm ^oble and Lister combs, the long fibers are 
left in the pins ®^ort ones The top is drawn off and the noil is 


Operation of the Noble Comb 

forty-Lght”vears^off James Noble of Leeds in 1853, took 

produced Imnmvp ^'^®^opuient before a satisfactory machine was 

K IS stillTnor^^^^^^ the machine. 

facturers It ns tbp r. American worsted (Bradford) yarn manu- 
makmrwo^. Pd «sed in the Bradford system oj 

production is prpafp niedmm-to-long crossbred wools Its 

Labor costs if ^ other comb and its scope is wider 

when suoprvispd 1 ^ operation requires little attention 

Tomh S?s Tpp ^ a capable foreman The performance of the Noble 
brsh accelerated by a double-balanced dabbing 

brush, which increases the production about 20 per cent, and by the 
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.ifl,i])tation of ball bearings lo the cirdc caniagc, wliicli effect a gicat 
'>av!ng in the iwucr icquircrl to operate the machine 

Paris of the Noble comb The principal parts of the machine, 
explained by referring to Fig 8, are (1) The large, horizontal 
circle a with eight rows of vertical pins, the number per inch and 
diameter varying in each row, the fewest and the thickest being in 
the outside row (2) Two smaller inner circles b b, which operate 
within and on opposite sides of the large circle, with five rows of 
verticle pins. The inner row of pins is the coarsest and has tlie least 
number of pins per inch The outer row of pins comes very close 
to the inner edge of the large circle (3) Two high-speed dabbing 
brushes c c to drive the wool down into the pins of the large and 
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i circles at their point of convergence. (4) Four pairs of 
1 ^o^^ers, each lettered k, which serve to draw 

i ^ ^ fibers from each circle (5) Two star wheels or dividers 

extending fringe of wool fibers into the path of 
the drawing-oflE rollers and aprons d and c (6) Feed or trap boxes 

nrpcc^t^ each slivci (7) Cleaning knives x, noil knives g, and 
press knives m and n o ^ 



Fig 9 General view of a Noble comb 
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the circles about their own axis as indicated in Fig 10 of a Noble 
comb in full operation 

Thus, the long fibers are drawn by the circle that has the 
greatest hold upon them through the rows of pins of the opposite 
circle They protrude as a fringe on the inside of the large circle 
and on the outside of the small circles The star wheel f now 
flips the fringe of fibers, so that it points in the proper direction 
for withdrawal by the drawing-off rolls The short fibers or noils 
remain behind in the pins of the small circles only 

The combed long fiber is drawn continuously at four points k, 
two at the large circle and one on each of the small circles The 
ends are united into two slivers (one on each side of the comb) 
and later combined at a center point, passed through a funnel or 
trimpet / and pair of calender rolls out of the comb and spiraled into 
a tall delivery can (see Fig 8) 

The noil left in the .pins of the small circles is removed by sta- 
tionary, curved, and inclined knives /i, set between each row of 
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pins TJpon being pried to the top of the pins the noils fall over 
the edge of the circle into an inclined slide which leads to a noil 
can or receptacle The small circle is ready to be filled again 
when it reaches the point of contact with the large circle, where 
it again becomes charged with more uncombed wool sliver. 

This completes the cycle of combing wool on the Noble comb 
The process goes on constantly and with very little attention 
The feeding of the comb is accomplished by running the ma- 
terial, the continuation of the sliver already in the pins of the 
mam circle, under stationary press knives The press bars hold 
the stock in the pins of the large circle as the fore part of the 
feed boxes is raised The raising of the feed boxes, which are 
hinged at their backs, is accomplished by passing them over an 
mclined plane This pulls at the slivers on the punch ball and 
delivers a short length of more sliver Upon running clear of 
the press knives each end of sliver is lifted by stationary lifting 
knives (bars between the rows of pins on the large circle to the 
top of the pms) The sliver is straightened on a straightening 
being laid over the moving large and small circles 

intn tangency The dabbing brushes now dab it down 

into the pins and the cycle is repeated. 



DahUng The dabbing of the wool into the pins is the mosj 
mSwc e^ensive part of the whole comb Many different 
methods have been tried, such as the single-cam dabbing bnish« 
dabbing blades, rotary brushes, and air-blast dabbers Since the 
pins are moving, the wool slivers must be dabbed into the pn j 
With one strolre or a sequence of quick strokes, which eontr 
the speed with which the cylinders can be rotated Accuse 
setting^ the brush is very important, because so n^nch depe 
?”. bristles in a dabbing brush are made of Indian 

hair of best quality and should be lifted out when the comO 
not running 
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Fig 11 


* A Jt'i 

^ . '<\ ' .■?• 

Fjg 12 


Fig 11 shows the general lay-out of the new method of dabbing including the 
angle of inclination of the small circle, the dabbing brush, the holding-down 
kmfe and the support knife The latter is disccrnabic under the fringe in the 
small circle In this instance a circular brush is being used to assist the 

in entering tlic pins of the ^niall 




f Vi 
\ c>] 


m 


circle. 

Fig 12 shows the small circle cover 
plate and the path of the wool when 
It IS assisted in entering the pins of 
the small circle, in this inMnncc, bj 
means of a circiihr bruvh The cir- 
cular brush Ins liccn removed to 
show the wool in the pins 

Fig 13 shows the path of the vvoo! 
when It enters the pms of the •aall 
circle soIcl> b> rea'cn of the lat*e'^ 
lifing set at an angle The 
dabs into the large circle o^Iv 


Fig 13 

Figs 11, 12 and 13 Methods of dabbing 
wool in the Noble comb 

To eliminate excessive wear at the heel of the dahlvnt: 


on the Noble comb, a new method of dahhing In- bi^'a inae-frl 1 v 
Griffin J The wear that takes place with the ord'inr, an-:', c' • 
of arejes is dtic to sc\cr.il causes, the four chief bc’n^.' 

1 The wool must he dabbed into the larpc aed ‘'’"M fre'- 
Minultancoiish at the point where thev .-re chj-c't r*", 

Kcneralh termed “the point of contact ‘ Thi* ** *» o <>':• a ♦ 
point of densest pinninjT .'’tjd, therefore, tl r r . 're * p 
in which to dab 

^GnFn TV,/ Tern.V /rr* . 3'. J's"' 1'-' 
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2 The wool must be dabbed into the pins to its full working 
depth in one dab of the brush 

3 The brunt of the work of dabbingf the wool into the pms 
IS borne by the first few bristles in the brush. 

4 During the time the brush is in contact with the pins, the 
latter are passing sideways through the bristles. 

In the new method of dabbing, the first objection is overcome 
by inserting the wool into the pins in two stages: first into the 
large circle and, at a later stage, into the small circle The second 
objection is removed because it is no longer important where 
the wool first enters the pins of the large circle, since combing 
does not commence at that point It is thus possible to use a 
tapered brush that dabs lightly at the point where the wool first 
passes under the brush, and gradually increases the depth of 
dabbing until the point of contact is reached The third objection 
IS removed by the fact that the work of dabbing the wool into 
the large circle to the full working depth is shared by a much 
brush In the ordinary type of dabbing brush, 
the first half inch of brush does most of the work, whereas m this 
method ^e work is shared by several inches of the brush. The 
ourth objection is lessened because part of the brush is dis- 
pensed with ^ 


rawmg-off rollers The drawing-off rollers, which take 
combed fringe of wool from the large and the small circles, are 
very important because the four pairs used vary in size fo^ 
different circles The arc of contact is greater at the outside point 

rSlers'from^t^i^’^^ distance of the drawmg-o 

rollers from the pins is important and has a direct effect on the 

^s it IS Called in Great Britain On fin^ 
merino wools a setting of 1/32 inch is customary, whereas long/o^f 
mJrS ^ setting of 14 or 54 inch The small circle has a frm? 
Sp those of the large circle The 

fc locf ^ the funnel, where thefr separate idenhh 

is lost Tbe drawing-off leatliers, with which the delivery [on 
are covered, have two mam objects ( 1 ) to act as a eushio 
between the two fluted steel rollers, ( 2 ) to form the combcn 
fibers into a sliver and convey it to the sliver funnel The apron 
is passed ^ound a pressing roller and held in position by spring 
The outside leather wears out much sooner than the mside onC' 
which has only the small circle fringe to draw off Thick leathg® 
best w'ear, but thin ones give better grip Suitable co 
leaders should be about inch thick for fine wools, to IV 
men thick for long wools. 
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Sliver removal. The shver from each of the outside rollers is 
carried through the inside rollers, where the fibers are drawn off 
by the inside rollers and combined into one sliver each The 
two slivers are now combined at the sliver funnel, where suffi- 
cient false twist IS inserted into both slivers to bring them across 
the comb to the coder or delivery can “False” twist is a “tem- 
porary” twist, which IS only inserted to hold the fibers together 
sufficiently to permit transfer or removal from a machine with- 
out breaking the continuity of the sliver movement A rotating 
funnel is on top of the coder to remove the twist inserted by the comb 
funnel The sliver is coiled into a can instead of being balled, be- 
cause coded it can be more easily drawn out with little tension and 
friction or disentangling of the fibers Hence, m reality, a falst tv/ist 
IS again inserted 

Temperatitre and humidity Moisture and heat have been found 
essential in combing wool The slivers should leave the back- 
wash containing 25 to 28 per cent moisture, so by the time the wool 
leaves the comb there is 8 to 10 per cent moisture left It is very 
important that the comb be heated before it is started after a week 
end , in running it cold there is danger of damage to pins and leathers 

The humidity in combing rooms requires attention if a satis- 
factory product is to result The manner in which moisture is best 
replaced is humidification by mechanical means Table 10 in Chap- 
ter 11 gives details of suitable temperatures and relative humidities 
for all processes m wool manufacturing For a temperature range of 
75°-80°F, the recommended relative humidities for the card room 
are 60-70 percent and for the combing room, 65-75 percent 

Production of Noble conib The production of a Noble comb de- 
pends mainly on the material being combed and the amount of noils 
being extracted With the average speed of the large circle at 4 r p m 
the average hourly productions range approximately from 40 pounds 
for merino wools to 70 pounds for low Crossbred wools The aver- 
age tear or ratio of top to noil may run from 8-15 to 1 for cross- 
bred wools and 8 to 1 and lower for 64s/70s merino wools 


TOP GILLING OR TOP FINISHING 

In the Bradford system, two further gilhngs are given before 
the commerical worsted top becomes a reality The functions 
of these two operations are* 
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^ thorough blending of all lengths of fibers, 
which the comb does not effect evenly 

wool stiaightening and paralleling of the combed 

purpose of restoring the natural 

amount of moisture to the top. 

5 To SinVf^ ^ uniform weight, yard after yard 
for futurThand'i^nro”' s^le 

Thi 


rj^r* ' 

iP known as top gillmg or top finishing, is neces- 

rcial top of standard weight, length and 


jc — — — w.*, L 

sary to produce a commercial 
condition « - 

quite uneven and nonumform 
washt r?‘a°i length fibers as weU as « 

exists here fn am i^^ <iifferent combs are used, an opportunity 

moisture or water l/the^rJf k” opportunity afforded to add 
be “doubled” wifh oomb sliver is very irregular, it can 

so essential to the produce the regular and even shvw 

final yarn itself Th? M ° drawing operations and to the 

“doubW” shverc: ainn accomplished by drafting sad 

IS accomplished ffeneraflv^^ of previous gilling operations. This 
gill box and the^ton eilf chief gill boxes, known as the can 

and second too-Gm^S h sometimes called, first 

the bailer or top box second is frequently referred to as 

as the back^sh machine is very much the same 

fallers is finer, the marhin ^ preparer gill box The pinning of the 
into cans, but may also bp Pif delivery is usually 

ensure equal lemn-h rii ^ measuring motion is present to 

cans, Lavy and lllbt cf so by weighing the 

measurSevice "n*’" ascertained. The candlesti^ 

age is dehvered into\he ?ans® ® machine when a certain yard 

-o-p ^rio%s% 

because it ™il puU ouTofllSu’"r«U“ W W 
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and break It also affords an opportunity to condition the slivers as 
well as to blend them thoroughly 

Water evaporates very rapidly in nearly all operations in which 
fibers are exposed as an open sliver To compensate for the loss of 
water that has been mechanically held in the fiber, water is applied 
to the gilled sliver A fluted brass roller revolves in a tank of water 
kept at a constant level as the sliver passes over the top of it This 
roller is usually placed between the calender roller and front rollers 
on the gill box The fluted roller revolves at a certain speed to deposit 
a definite amount of water on the sliver The speed of the roller 
controls the amount of moisture picked up by the broad slivers 
The drip method described under the previous section on backwashing 
can also be used when an emulsion of oil and water is preferred, 
2 1/3 Darts of oil and 16 parts of water to 81 2/3 parts of wool has 
been used to advantage on mohair sliver, for instance 
The fallers in this gill box run three per inch for fine wools and two 
per inch for crossbred wools and are carried m double-thread screws 
made by the American Gill Screw Company The fallers have pins 
for 10 inches of their width and there are two rows of pins m each 
faller The pins per inch vary from 8 on long wools to 20 on fine 
Botany wools These fallers and their pins should be kept in perfect 
condition and repair This is best done by expert pm setters 
Such a can gill or conditioner gill box is usually a single-head 
machine, meaning that it has only one set of delivery calender rollers 
They require about 54 horsepower to operate and occupy a floor space 
of 4 feet 6 inches by 10 feet and are run at 300 to 325 rpm If 
colored slivers are run oil and water in an emulsion are applied as 
a conditioner to replace the oil removed in dyeing 

2 Top qill box or top bailer This machine produces commercial 
worsted top in the form of a ball of definite length and weight made 
f>n a balling head in place of the coder of the machine just described 
In other respects the machine varies very little from the last gill box 
Only about six ends are put up at the rear (ie six cans or ends^ 
and a draft of five is employed The result is a sliver of 4 to 5 
ounces per 10 yards The standard weights of tops generally accepted 
in the trade are • , 

Fine Botany wool tops 64s to S6s, are 4 to 5 ounces per 10 3 ^rds 
Crossbred wool tops, SOs to 40s, are 6 to 7 ounces per 10 3 'ards 
Long wool tops, 40s and below, are 8 to 9 ounces per 10 j’ards 
Such tops become a saleable commodity and are subjected to regu- 
lations and conditions similar to other commodities 

Characteristic top-making attachments are found on tlie second 
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top-finjsher box, such as the straightening plate and the folder. WTien 
me sliver emerges from the front rollers it passes over a plate which 
has a senes of bars whicli straighten it out and bring its uneven edges 
into conformity witli the rest of the sliver. The folder turns the outer 
edges to cover one-quarter of Uie distance on each side, thus produc- 
ing a top ball of a unique and neat appearance 

The ^ling head puts the sliver into a traverse on the ball, equally 
across the width, which makes a solid ball that is flat at one end and 
solidly wound to stand transportation or storage As eadi top is 
procmced at the top box, the operator in charge knocks out the tapered 
spindle npon which the ball of sliver has been wrapped and replaces 
the spindle between the guides, after which the stop motion is reset 
and the machine started again The top is weighed either on a spring 
Balance or a pair of good scales, eacli ball being weighed separately, 
as a check on the sliver weight. A five-pound ball of top sliv^ 
weighing 4 ounces per 10 yards would have 5 x 16 x 10 4 == 2W 

) ar s pei ball Any top that does not conform to the qualitj' standards 
IS rejected and passed back to be remade. Tops which pass the 
V eig t test are tagged with a ticket giidng the number of the machine, 
t e operatoi . and the lot The top is next wrapped separately m 8 
piece of paper, cut to tlie exact size, and tied up with string or tape* 

more than one quality is made, different colors of paper are used foe 
. quick idenbfication of qualities or lots 

Such finished top, whether used by the manufacturer himself or 

. rn the market to other spinners, is usualh*' stored in cellars or 
moist storerooms until the wool has had a chance to age Tops mus‘ 
he kept m moist, dark storage for at least one week before they are 


FRENCH WORSTED COMBING 

In the Frendi system in the United States, the rectilinear or Hed* 
matin comb is preferred to the Noble or Holden combs It is general^ 
^ued the ^ench or Continental comb and was originally ini’cnte 
for cotton. The term rccttlwcar comb comes from tlie fact that it i 
a straight-Ime comb as compared to Cartwright’s and Noble’s circular 
combs The machine is known for making good slivers of veo’ 
fine wools and is the more comprehensive comb of the worsted in- 
dustry, It can comb W’ools w-hich are far too short for any other com 
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Although a Noble comb has a greater production, a French comb 
occupies less than one-quarter of the floor space occupied by the 
former, and requires only one-fifth the horsepower to operate. Where- 
as one operator can easily supervise two combs of the Noble type, 
one opcr,alor can tend four to six French combs with ease The 
French comb is sometimes termed an intermittent comb, and the 
Noble comb a continuous comb The Frencli comb not only coinbs 
very short Botany wools, but handles longer wools quite satisfactorily, 
hence it is indeed the most versatile comb in existence The original 
rectilinear comb was invented by Heilmann of Alsace-Lorraine in 
1845 The French comb is built primarily in Europe by N Schlum- 
berger & Cic , Delette-Gruen, and the Alsacian Machine Works m 
Mulhouse, France and in England by Prince-Smith and Stells, Ltd 


Principle of the French Comb 

The wool IS prepared and fed to the comb in the form of laps or 
groups of slivers Laps are generally preferred because P^‘ 
duce better feeding of the fibers into the comb Tl^se 
a pair of feed rolls and pass by a feeding gill of Fig 14, ) 

the nipper jaws Z. The jaws hold the fringe of f v^r while a 
a circular plate comb k combs it out Ihe 
IS covered with eighteen needle bars for about one-third 
ference Each needle bar has steel pms of Va inch 
density from sixteen per inch in the first row to almost ®^^^ P , 
in the last row In front of the circle and on 
drawing-off rollers, which move forw^ard m at 

the upper right of Fig 14, and seize the ‘^‘’"’bed fringe wool at 
the free end The nipper jaws Z, are then “P^ed f® "bow” the 
bottom right and an intersecting or top comb / completed 

fringe as yet held by the drawing-off rollers Tbe p wnnl which 

when the drawing-off rollers draw away the 

must pass through the pins of the intersecting or p movable 

mg any short fiber held in the other 

drawing-off rollers lay the tufts J, - results This 

other, onto a delivery leather, so that a tu ^ delivered and 
tuft^ sl.«r is con.pr«s^^ rovS1L"1"aJ 

SaTr^i^'rbr.^he^o^er .s= -y 

from which it is removed by a wire brush , an . 
h finally drops it in the noil box or receptacle 
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Fig 14 Details of a French comb {Preu ) 


top comb), the noil is removed by a blade clearer The three successivt 
stages of the operation, i e nip, comb, detaching, are illustrated ) 
the left, top right, and bottom right diagrams of Fig. 14 


Principal Motions 

Contrary to the circular comb, the principal motions of the Frenc 
comb are intermittent except for the noil-removal and the can- 
rotating mechanisms The intermittent motions during combmg- 
the order of their recurrence are 

1 Feeding mechanism motion 

2 Reed comb motion 

3 Nipper motion 

4 Drawing-off motion 

5 Sliver formation motion. 
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The comb is made in Iwo uidlhs* the narrow model about 14 
inches and the wide model about 19 inclics When combing fine wools 
the amount fed into a rcclilmear comb is usuallj as follows 

Narrmv model’, 36 07s per five jards, made up of 24 slivers each 
weighing one and one-half o/s pci five yauis, or 18 slivers each 
weighing two 07S per five j’ards Continental piacticc favours total 
weight of slncrs fed in 200-2*20 grs per meter 



Fig IS The French comb {Courtesy 


Arlington Mills ) 





Wide model: 48 ozs. per S yards, made up of 32 slivers 
weighing 1 ozs per 5 yards, or 24 slivers each weighing c oz 
5 yards Continental practice favours total weight of . 

270-300 grs /meter They are laid side by side until they , 

flat feed by a pair of driven-feed rollers. These rollers jt 

helicoidal flutes and are geared to give 54 to inch vans 
feed at a time They pass through two brass guides (one sta 
and the other following the motion of the feed gill) whwh gui 
lap mto a feed grate The amount of sliver fed into ^ . -g, 
IS governed by the feed ratchet wheel, which can be changed 
commodate different rates of feeding. moved 

The top and the bottom feed plates, called grid bars, are g 
and slotted. The reed or front comb consists of eight rows 
placed in a brass section The feeding mechanism is largely 
mined by the amount of noil to be taken out ^ n h s two 
The nipper or nipper jaws, with a stationary axis, usually 
. oscillating plates or jaws , ‘the upper jaw is grooved I^^yer 

overhanging hp which completely covers the lower jaw 


ltd ixcc wiui.il; n icvci la pmucu uiiuci ^ 

which prevents the lower edge from touching the pins of the 
comb . , set 



two sections, the first which holds the first nine rows of pn^ 
constant The second section of pins is made interchangeable 
be altered for each different type of wool used . , mov®' 

The initial combing is brought about by the combination o 
ments between the nipper jaws and the circular comb ^ 
jaws hold a fringe of fibers between them, while initial 

brings a series of rows of pins through the fringe Wh^ m p{ 
combing action is finished, the nipper jaws open and f^r^vard 
fibers is seized by the drawing-off rollers, which are of the 

by the carriage A top comb or intersector, combs f"®.* .Pf Qinbin? 
fringe previously held between the nipper jaws for the **i“’®* jy^win^' 
This comb descends as soon as the fringe is gripped by the 
off rollers (Fig 14 ) ^^ich i® 

The drawing-off rolls are covered with a comber l *. jnodd 

about 21 inches wide and about 25 inches long inside (w 
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comb). They rccci\c a forward and backward motion at each nip for 
the splicing together of the wool tufts The drawing-off rolls are 
assisted by a s\\ord and a counter-sword, the former to complete the 
drawing of the long fibers and the latter to present the "tuft’ to the 
draw’ing-olT rolls 

The combed wool is converted into sliver by pressure rollers fol- 
lowing the leathers, by an oscillating funnel or trumpet, and by the 
calender rollers, which pass the sliver into a revolving upright can of 
12 or 14 inches diameter and 31 inches height 

The Jircnch~comb~will""not-deliver’'a' satisfactory -sliver. •v^hen _the 
w ool is dry C ombing should be done in a room of about 75 per cent 
relative humidity The distance between the nipper and the drawing 
rollers is adjustable by a single patented gauge, permitting adjustment 
from 54 to 254 inches The normal speed of the French comb is 275 
r p m with a pulley of 11 13/16 by 2^ inches, representing 100 draw- 
ings The wide French comb with a thirty-two-bobbm-creel occupies a 
space only 1^4 yards by yards 

A sp eciaL-bl^e knpwn as .the.,&«^r«i 5 r„blade--is-empIoyed-in the 
l^nclLcomb^f^tHe .retnovaI,of burrs^ It consists of a loiife which 
runs up the face of the comb circle and dabs between the seventeenth 
and eighteenth row of pins The motion of this blade causes the wool 
fibers as they are held by the jaws to be brought to the bottom of the 
pins, leaving the burrs at the top of the pins, which are then swept 
by the noil brush It can be used preferably on very fine, short and 
burry wools, but has been used on qualities below 50s Ramie..and 
r avon sta ple^er-can-he-combed on, the JErench-comb 

Production on the French Conib . The production of the rectilinear 
comb IS dependent on three items 

1 From a mechanical point of view by the nips or dabs per minute, 
usually about 100 

2 By the amount of pick of the ratchet operated feed rollers 

3 By the weight per unit length of the sheet of wool fed in If 
the sheet is thicker, the tuft drawn will naturally be thicker, 
hence a higher production 

It is therefore difficult to give exact productions, which also depend 
upon the type of wool and perfection of the carding, with any degree 
of accuracy; however, the average production on fine wools may be 
taken as follows . 
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N^row model comb . 12 to 14 lbs per hour, averag^e 13 lbs 
\A ide model comb. . . 16 to 20 lbs per hour, average 18 lbs 

On coarser wools the above productions are considerably increased 

a ojl^iSanlyjr^oved inj:ombingJo_ensure 

^atiSlacton^Op Haturally^^the-mox^^fed: HBer is'preseutJn.any 

removed andrthe greater the, 
Trhis'is reflecterin'the 
ac wrJii Broken fibers and neps depreciate the value of a top 

rntnhina-^L^ ^1 particles of burr, and bad color 

adiiKsfP^f ^ controls the quality of tops and must be 

according to what the market or 
the spinner deems adequate and satisfactory! 

Noils 


therefore, a valuable commercial 

vam°sDinnpr!^^^h^ sold by the worsted yarn manufacturer to woolen 

of fine^!32\ r^° admixture m the production 

o nne woolen varns Tbp-Alesnat- . ^ and 


is Iarffelv*^d^n^nH^^+^^ amount of noils obtained in combing 

tvoflf handled as well as the 

on^F?enTSlb« ® ^ the average noilage produced 

Hon nf ! ” These figures are based on the actual mill produc- 

In Tahir?^^ million pounds of Australian as well as domestic wools 
w^ook hLZi o the noilage of three types oj 

le^th pla>s^ showing clearly the influence that 

recombed the noilage produced depends 
vflrii»c^ ^2"^ ^ treated during processing and usu^b' 

oc^frr^T ^ if lelting of the wool has 

occurred during dyeing the noilage wnll be greater. 
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TABLE 1 RELATIONSHIP BETWEEN FINENESS, LENGTH AND 
AVERAGE TOP AND NOILS YIELD IN FRENCH COMBING 
(BASIS— 15% REGAIN) 


Av 


Origin 

Grade 
of Top 

length 

in 

inches 

Sed 

yield* 

(info) 

Top 
yield 
(in fo) 

Noils 
yield 
(in fo) 

Tear** 

Australia 

90s 

220 

628 

500 

101 

5 1 

Australia 

80s 

250 

641 

541 

73 

74 1 

Australia 

70s 

2 70 

654 

563 

67 

84 1 

Australia 

64s 

285 

662 

580 

57 

102 1 

Australia 

62s 

310 

680 

59 7 

45 

13 3 1 

Australia 

60s 

3 20 

691 

615 

40 

154 1 

Texas 

12 months 

70s 

210 

444 

348 

69 

50.1 


642 

225 

42 7 

33 0 

66 

50 1 

6 months 

64s 

185 

43 8 

309 

94 

33 1 

Territory 

58s 

315 

424 

365 

30 

122 1 


* The scoured yield includes the top and noil yields plus carding and comhing wastes 
••Tear is weight ratio between top and noil 


Statistics for yield in scouring vanous 


Fineness Length 
Length Top Yield 
Length Noils 
Fineness Scoured Yield 


Australian combing wools 

Coefficient of Correhlion 
+09854 
+09903 
—0 9923 
. +0 9944 


TABLE 2 NOILAGE OF THREE TYPES OF WOOLS BASED ON 

SCOURED YIELD 


Grade Wool type 


Length i« Notlage in 
inches percent 


64's 6 months Texas 

64’s 12 months Texas 
64’s Austral Fleece 


1 ^ 21 

225 15 

283 9 


TABLE 3 NUMBER OF WORSTED CARDS AND COMBS IN THE 

UNITED STATES 


Vear 


Cards sets (by 
48 1 M 54 in 


cylinder stse) 

60 in Total 


Worsted eer'*s 
Xolle Frer'h Totsl 

1653 ^2^ 25^2 


1943 


354 526 1022 1002 
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ENGLISH AND FRENCH WORSTED DRAWING 



ORSTEp DRAWING constitutes a series of operations 
used m both the French and the Bradford svstems The 
/* '''Ousted top silver is converted into a roving which is so small 
machine^” conveniently into a fine, even yarn on the spinning 

Operations, the parallelization of the wool fibers is 
^ ^ ^ practiced to the extent that the sliver is 

^can hp ^ where it becomes small enough that 

orachrpd into a single worsted yarn Doubling is also 

or ? equalize the irregularities in sliver thickness 

All drawino- produced and that may lead to uneven yam 

or morp nafrf system used, depend on tw'O 

P o drafting rolls and a packaging of the reduced sliver 


Systems of Drawing 

svstem^^whipli*^«f^^T”^i^'®^® distinctions made between varioui 
Eurooean ^veloped more or less simultaneously m severa 

2 & draw^l’ Bradford or English system 

y the French or Continental system 

States on Inntr anf drawing is generally used in the Unite 

strand Ipv!S iff ? crossbred wools It renders a 

anTti^Mf ’2“ T worsted yarn Oiled tops are used 

is thp nWpcf cvcf Stages of reducing and roving 

? “i, drawing worsted top. , . 

*f°” °ded tops Cone®drawing results JJ 
T" ”'“f°ra> yam than the open system, w' “ 
e strain on the roving and yam Cone-drawn yarn is relative . 
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more expensive than the open drawn, everything else being equal 
It IS used to produce fine worsted yarns for hosiery and dress goods 

3 Porcupwc drawing Porcupine drawing, also known as French 
or Continental drawing (from first being used on the Continent), 
is extensively used in the United States on short and fine merino 
w’ools It is employed in the production of very fine and expensive 
hosiery and dress goods Worsted yarns of the best quality are ob- 
tained by this system. It creates yarns of fuller and softer handle 
from dry-combed tops, which excel in elastic properties Generally, 
dry or unoiled tops of 1^4- to 4-inches staple length are used for 
French drawing False twist and rubbing is used to hold the light 
roving together Novelty blends are successfully handled by this 
system 

4 Anglo-Conttnental drawing. Another system of drawing has 
been developed in England It is known as Anglo-Continental 
drawing, on which it is possible to draw oiled tops on the French or 
porcupine system of drawing It is patented by Prince-Smith & Stells, 
Ltd , of Great Britain, and now obviates the old distinction that oiled 
tops cannot be run on the French system (For a detailed explanation, 
see the last section of this chapter ) 

Number of operations In all of the drawing processes, the number 
of steps required varies according to the size of worsted yarn that is 
to be spun from any given top, and the quality of the wool employed 
On the open, cone, or porcupine system fine, uncglored wools will 
require nine individual operations, and colored or top-dyed stock 
eleven or even twelve operations 

The reason for the additional processes is the blending of mixed 
colors or the necessity for very level results in solid shades For 
crossbred wools of medium length seven individual drawing opera- 
tions are necessary, whereas long wools, mohair, etc, require only 
SIX operations 

The selection of good tops is vital in all systems Unless tops 
measure up to requirements, it will be difficult and costly to spin a 
strong, elastic, and level yam, no matter what precautions are taken in 
any system Tops, as explained before, are judged according to 
(1) fineness of wool diameter, (2) length of fiber, (3) proportion of 
long and short fibers, (4) uniformity of length and fineness, (5) 
defects such as neps, slubs, and burrs and, finally, (6) sliver evenness 
Other considerations are the amount of oil in the wool, the age of 
the top, and the color and regain of the top Diy-combed tops are 
used in the French system, whereas oil-combed tops are used in the 
open or English and conedrawing systems 
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1. Open Drawing; Bradford or English System 

This IS the oldest system of drawing worsted top and was the first 
I oe introauced into America. On 


fn Ko J 7 arawing worsted top and was the nrsi 

Onginally the Bradford system Avas 
7 vS!f ^ other long English wools 

MnlS^r can accommodate long, short, and medium wools 

^ ravon ^s well as the longer types 

or rayon staple are also extenaivplv rvrr>f>ac.oa<i «« either 




nf ^ i’ ^ numan nair, as well as the longe 

alonp^nr ® f ® ^ ^tensively processed on this system, either 

and cra«l?rp!?'f “T 'Tf veiy fine and short menno 

French system ^ handled to better advantage by tb® 

add^ in ^^th oil-combed tops, and oil is 

yarn operations, which renders the ultimate 

tncity ^ mooth, and less hable to become charged with elec- 

seteTSm^ Drawing machinery is usually laid out m 

for each tvnp^nf” ^^^i handled constantly or grouped 

machines thaf ran is to be handled, or an average set of 

Anywhere from ^ certain range of wools is employed. 

■ P shvers to^ S operations are required to reduce the 

p Slivers to the necessarv j x_ » roving 


too shvrrc fn i-u^ '^F'=*ii'-ions are requirea to rcuuww -- 

-— •> ’ ® necessaiy thickness and uniformity of a roving 

satisfactory yam. Each set is carefully planned 
-Ommodate the dra'ffc njan/^cKaw tor 


suitable to smn a 

and laid ont Vr^.t ^‘‘'■‘siacrory yam. Each set is carefully pian^- 
the desired drafts and doublings necessaiy foj 

materials and nmH ^rnimum cost and maximum economy o 

otS too GeneraUy, two g.H.ng operatiom are us^ 

tions and thm followed by two or three drawing opera 

advaolageously ’to a “fli "*”':!!;!''.”?. t when 


advaifei®S to aTt 

or aro'^’b'I'S^Srd *“ ™ 

names and ehata^^ 


Se mv» m tS r^,° «>">n.on-^ts for itf^^rwS oi^ 
usedT^nSi companson and to .Hustrate typieal by®® 

^ Table 1 illustrate only the ‘tiro eidtemes ^ 
cross-bred or Ttof. ^ elrawing, namely, long, coarse wools and fi 

^ aompaVison of the two drawing ^ 
^ operations are required on lonff, coarse wools. 

o£^own?f filling! three of drawing, and on 

short whereas eight processes are necessaiy on the fine a 
S tI ^ o»- three of gilling, five of drawing, 

g The reason for these additional operations will beco 
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evident as drawing is discussed in more detail The first step in all 
cases IS the open gilling, on which two types of machines are employed 
m the English system. 

TABLE 1 TYPICAL LAYOUTS FOR BRADFORD DRAWING SETS 


Long, Coarse Wools Bota7tyTops,Fine Crossbred 


4,500 Ib 
l/6s 

20 drams 

Double-head can (1) 

2 spindle gill box (1) 

4 spindle drawing (1) 

6 spindle weigh box ( 1 ) 
8 spindle finisher (2) 

28 spindle rover (3) 
Flyer frame 


50001b 
28s-40s 
3-4 drams 

Double-head mt can gill (2) 

2 spindle int can gill (2) 

6 spindle drawg box (1) 

8 spindle drawg weigh box (1) 
8 spindle drawg finishers (3) 

24 spindle dandy finisher (2) 

32 spindle dandy reducer (6) 

36 spindle dandy rover (12) 

Cap and ring frame 


Details 

Production per 48 hr. 

Count spun 
Roving 40 yd 
1st gilling 
2nd gilling 
3rd gilling 
1st drawing 
2nd drawing 
3rd draw ing 
4th drawing 
Roving 
Spinning 

Open gilling The function of the open gilling is (1) to open the 
fibers of the top and facilitate drawing, (2) to permit and accomplish 
blending of various qualities, colors, and mixtures , and (3) to deliver 
an uniform end of a precalculated weight to conform to a regular 
drawing plan , , 

For the first gill box, the top balls are placed on a creel holding 
twelve tops, which have positively driven, revolving tin or wooden 
rollers Some manufacturers use an unballing machine which urv 
winds the top and delivers the sliver free from twist into a can which 
IS used at the first gill box. There are usually two or three of such 
gill boxes, which are classified into the following types : 

1. Single-head can gill box 

2 Double-head can gill box 

3 Spindle gill box 

The first and second types are of the same general construction 
and are similar to the gill boxes described under piling except mat 
they are constructed on a finer scale The double-head can gill box 
merely has double the delivery capacity, and delivers two separate 
slivers in two separate cans, whereas the single-head delivers only 
one silver into one can .The details of finer construction are im- 
mediately apparent from Table 2, which gives the details for Botany 
and long wools 

Can gill boxes This type of pH box was first invented m 1826 by 
Wilhatn K Westley of England These pll boxes are often 
to as “bed boxes ” From Table 2 it can be observed that the feed rolls 
are different in size, namely, a larger diameter feed roll is needed for 




table 2 DETAILS OF THE CAN GILL BOX 

• OciOtls r'lL - 


_ Deiatts 
Bottom delivery roll diameter 
Sf^^^J^eryvoll diameter 
Bottom feed roll diameter 

lop feed roll diameter 
Number of fallers 
Length, of fallers 
Pins per inch 
Type of screw 
Pitch of thread 
Speed of fallers 

Wire gauge 
Set over 


Short Botany Long Wools 


2 in. 

3 in. 
Sj^in. 

18 

min. 

16 

Double 
?|in 
320 
18s 

4 in. 


3 in. 

4 in. 
3 in 
3j4in 

24 

18}4 in 
9 

Single 

jfin. 

220 
14s 

5 in 


wuLuvcr ^ 

wools The feed rolls are larger than 
the gill box for lontr t n i wools There are more fallers in 

typed sSw pri "ir 'h" ^^ooIs. The 

and single for lorw ^ fallers is double for short Botany wools 

, rows per faller. The bacJf^nin'^°°^* ^ hairs. The pins are set in two 
The distance from the fir< 5 ? ^ longer than the front^ 
which is wider for lonp- fo the last is knoivn as the “set over, 
gill boxes have fallers Botany ivools Double-head 

rolls in gill box^ of pins. Feed and delive^ 

bottom rolls are nositivplv provided with nulled flutes The 

of the bottom rolls held *-®P rolls ride in the flutes 

Braftin Th * Position by strong springs 

“drafting’^and Ae^Mhn diameter of a sliver is known as 

is held the same as Ae “*^raft ” Usually the draft 

Drafting i^done heJ ” fibers 
"back draft,” and fallers, known as 

as “front draft ” The ^ fallers and the delivery rolls, known 

in to the length fed nS? the length dehvered 

does not exc^d ll4 tn i u^ The back draft usuafly 

draft exists. * oecause the fibers will break when a greater 

should be (1) eaual”*? 7 > exists as to whether drafts in drawing 
favor progressi^ dmhJ progressive Most peop 

tion. With equal drafts' '^^th each drawing op<^' 

weight of sliver— as dni’,i,i ^®“hlings are adjusted to „ 

dom drafts are chosen reduced, drafts increase Kan 

Doublings vary with «^achine and its conditions 

drawing sets thev s/stem of drawing In open or con 

of doublings’ drafts anrf^^ "P Siihng. Table 3 £ves an ide^ 

ngs, aratts, and weights of sliver for various ^ols 
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TABLE 3 DRAFTING DETAILS OF THE FIRST CAN GILL BOX 

Doublmgs Draft Weight-Drams per 40 Yd 

Fine Botany wools S S 256 

Medium wools 5 6 320 

Long wools 6 7 439 

The effective draft is found by dividing the total draft by the 
doublings. In a can gill box it is 
Draft 6 

= -—=12 (medium wools) 

Doublings 5 

The distance between the feed rolls and delivery rolls is known as 
the "ratch ” It is measured from the nip of the feed rolls to the nip 
of the delivery rolls This distance is usually 1 inch above the fiber 
length, but there are other factors which are taken into consideration 
here, namely, thickness of slivers and quality of wool Thick slivers 
require a wider ratch than thin ones 

In this process of preliminary gilling, two to three machines are 
needed With merino wools (60s to 80s quality) three gillings, and 
with crossbred wool (40s to S8s quality) usually two gillings are 
employed , the same is used for long wools 

Spindle gtll boxes The third type of gill box used in a set of open 
drawing is the spindle gill box It consists of feed rolls, delivery 
rolls, and fallers, but the sliver issued is wound onto wooden spools or 
bobbins by a "flyer” instead of into a metal or fiber can Here is where 
the transformation of a sliver into a "slubbing” takes place It enters 
the spindle gill box as a sliver and is delivered as a “slubbing” onto a 
spool, because it imparts a small amount of twist into the sliver 
Hence the difference between “slubbing” and "sliver” is that the 
sliver contains no twist or, in some cases, only "false” twist, wher^s 
the “slubbing” does contain twist All other details are exactly the 
same 

Twist The twist is imparted because the reduction of the rfiver 
now makes it necessary It is imparted by a device known as a flyer, 
shown in Fig 1 The amount of twist should be sufficient to ^ske the 
slubbing strong enough to unwind at the next operation and sh^ld 
at no time interfere with the proper drawing of the slubbing Too 
much twist will result in "twits” and plucking of fibers and the 
slubbing Insufficient twist causes the roving to drag, which resints in 
uneven places The amount of twist cannot be properly cmculated and 
IS pnmarily guided by the strength of the slubbing Menno wools 
(short) Usually have more twist per inch than crossbred or luster 
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wools At best the twist is very small, usually less than one turn per 
inch of slubbing" It depends a great deal on the length and uniformity 
in length and fineness of the wool fiber The amount of oil or emulsioi' 
and the natural cohesive qualities of the wool also play an important 
part 


Flyer and Bobbin In Fig 1 the arrangement of spindle A, flyer 
bobbin E, and slubbing F is shown The twist is imparted to the 
stubbing F in the spindle gill box by the flyer C The sliver F passes 
from the front or delivery rolls through a hole G m the top of the 
flyer C and then through a ring B at tlie top of the 
leg C, then one or two turns around the leg C, 
down to flyer hole D onto the bobbin E The entire 
flyer fits on top of the spindle A at H, so it turns 
with the spindle, which is usually driven from the 
bottom The twist that goes into the slubbing 
IS governed by the speed of the spindle (which is 
the speed of the flyer) and by the amount of slub- 
bing delivered by the front rolls per minute The 
. obbin rests loosely upon the lifter plate, which has 
an up-and-down movement in order to effect the 
proper winding-on of the slubbing onto the bobbin 

because of its 

weight The faster the sliver is delivered the less 
twist will be put in, the flyer speed remaining the 

Draff Since the bobbins are not driven, a cer- 
of drag must be given, drag is given 
by leather or felt washers used under the b&bin 

"^“ch drag 

strains the slubbing, which m.ay result in breaking 

bttle drag causes softly , ^ 

wound bobbiiK which are hard to unwind Of course, the 
creases as the bobbin gains in weight Constant adjustment is necess u 
o maintain an even drag throughout the filling of a bobbin, o 
ch^ging from one stock to another Long hairs and ® -ed 
difficult to regulate The wraps around the flyer leg can be cha S 
to lessen or increase the drag 

Ratch. The front draw rolls are usually stationary, hot the 
or feed rolls can be adjusted to the length of the stock The 
mediate or carrier rolls merely act to hold the sliver m position 
carrier rolls are used for very coarse, long wools The ratch is 



Fig L* 

bobbin 


iyer and 
detail 

in- 
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jlislancc hciwtcn (he nip of the feed and the dclivciy rolls, and must 
be grcalcr than the longest wool hber in the stock “Tlic ratch should 
be one less than tlic draft” — is a rule sometimes quoted but one not 
tciiaolo for various reasons (1) Long'cr ralchcs should be given in 
the early giiling processes to prevent fiber breakage (2) “Oir’-combed 
lops require longer ratches than "dry''-coml)ed tops (3) Ratches are 
gencrallj shortened as the dtawmg progresses (4) The greater the 
slnlibing twist tlie longer the ratch (5) Predominance of long fiber 
in the stock requires a longer ratch and vice versa 
It IS claimed^ that fiber bieakagc is largely caused by improper 
ratching m gilHng and drawing The best rule here is "Practical 
expencncc and testing prevent fiber breakage ” 

' viotion. In open drawing and beginning with the spindle 

^ gill box, a lifter motion is employed It lifts tlie bobbihs up and 
dow'ii on the rotating flyer spindle in order to wind the slubbing in 
uniform layers on the bobbin barrel At the end of each layer or one 
traverse,” as it is called in the United States, the lifter is reversed 
by the action of a mangle and peg wheel A slow traverse is to be 
preferred to a fast one 

Open drawing machtnes Spindle gillmg is now followed by three 
/ to five drawing frames, which are built the same as the spindle gill 
boxes The pm fallers are now discarded and smaller machine dimen- 
sions prevail as the slubbing advances Smaller bobbins, rollers, car- 
riers, and tumblers correspond to decreased pitch as the roving be- 
- comes finer Open drawing on the English system performs several 
' important functions 

1. Doubling of slubbings 
/ 2 Reducing of slubbings 

3 Insertion of twist. 

4 Packaging or windmg-on 

Doubling IS still carried on by mixing and combining several ends 
at the back of these machines The draft now exceeds the doublings 
^ m order to reduce the v/eight of the slubbing gradually but consistently, 

^ and to continue to mix the stock 

Twist serves the purpose of giving added strength to the continu- 
ally reducing slubbing, and is increased as needed Bobbins are used 
^ for packaging of the slubbing and are reduced in size as the slubbing 
reduces Drag winds the material on the bobbins 
Drawing boxes are made in different constructions, by various 
builders, and often according to specifications to suit particular con- 
ditions, materials, and production setups They vary from two to 
, eighteen spindles, which are driven by leather belts The low front 
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or dell veiy rolls consist of fluted cast-iron bosses shrunk onto steel 
arbors, while the top rolls may be iron or wood covered with leather, 
e t, or cork composition. These two lines of carrier rolls are made of 
^ecim steel, not fluted, and the top tumblers are made of hard wood 
iced rolls consist of four rows of rolls placed one above 
e other to secure an adequate nip They consist of cast-iron bosses 
shrunk on to a steel arbor, the row is fluted 
All spindles and flyers are made of high-grade steel and receive 
special or local hardening to withstand rubbing of the slabbing A 
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new type of safety spindletop obviates any nsk of damage caused 
by a lap forcing the top spindle to hoop out of the guide bracket 
A candle stick knock-off motion is provided to stop each machine 
automatically when a precalculated length of slubbing has been 
delivered Two types of creels are furnished by the builders, the 
swing creel and the stand creel 

Table 4 gives an idea of the construction details and a comparison 
of how the machines differ m makeup It should be noted that the 


TABLE 4 CONSTRUCTION DETAILS OF OPEN DRAWING FRAMES 


Items 

Bottom del rolls diam (in ) 

Top del rolls diam (in ) 

Bottom feed rolls diam (in.) 
Carriers, top (in.) 

Garners, bottom (in.) 

Pitch of spindles (in ) 

Snmdle speed (r p m ) * 

Size of bobbin (in.)* 

Weight of bobbin (oz )* 

&paaty of bobbin (Ib )* 
Doublmgs* 

Draft* 

*WiU vary, of coarse, with stock run 


4 Spindle 4 Spindle 6 Spindle 30 Spindle 
Drawing Weigh Finisher Rover 

6 6 6 5H 


llH 

IIH 


2J4 

m 

134 

12H 

I2R 

160 

180 

14x7 

14x7 

64 

SO 

12 

9 

5 

5 

6 

8 


11J4 

9 

2H 

2J4 

134 

1^ 

134 

1J4 

10J4 

6 

230 

1000 

12x6 

6x254 

38 

s 

8 

1 

4 

2 

85 

10 


TABLE 5 SEQUENCE IN OPEN DRAWING PROCESSES 


Fine Botany Wools 

1 Can gill box 

2 Spindle gill box 

3 1st drawing box 

4 2nd drawing box 

5 3rd drawing box 

6 1st finisher 

7 2nd finisher 

8 Reducer 

9 Ro\er 


Medium Wools 
Can gill box 
Spindle gill box 
1st drawing box 
2nd drawing box 

1st finisher 

Reducer 

Rover 


Long Wools 
Can gill box 
Spindle gill box 
1st drawing box 
Weigh box 

1st finisher 

Ro\er 


1 

2 

3 

4 

5 

6 

7 

8 
9 


DOUBLINGS AND DRAFTS 


pine Botany Wools 
Doublings Draft 


5 

5 

4 

4 

4 

3 

3 

2 

2 


53 
55 
575 
575 
6 
6 
65 
6 5 


Medium Wools 
Doublings Draft 
5 6 

4 6 

4 6 

4 65 

3 7 

3 75 

2 75 


Long Wools 
Do ibltrgs Draft 
6 7 

5 7 

5 77 

5 8 

4 f 5 

2 in 
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spindle speed constantly increases (le, from 160 to 1000 r.p^»^ 
doublmgs gradually decrease, and drafts increase The size of the 
slubber bobbins decreases as the slubbmg decreases in size A typical 
four-spindle weigh box with horizontal stand creel is illustrated m 
Fig 2, which shows the arrangement of the parts of this box quite 
well The other machines are similar in construction 

The general setup or sequence of open-drawing processes on vari- 
ous wools is given in Table 5 

These tabulations give a good idea of what machines are necessary, 
the doublings and drafts that are employed in the various grades ot 
wools on the open system of drawing with oiled tops, and when twist 
is employed. 

Reducer boxes The reducers in a set of open-drawing machines, 
are similar to drawing boxes and finishers, but are built very Ijgti 
and run at much higher speed as can be seen from Table 4 T- 
fine reducers are known as “dandy rovers ” The number of operations 
. or machines required here varies from one to three according to t e 
weight of roving demanded Sinqe these machines carry the P’eates 
load and involve the largest capital of the whole set of drawing 

attempts are often made to increase the producti 
of these machines, and thereby to reduce the operating costs an 
capital investment 

Reducers, rovers, and dandy rovers are all machines of f**^*l^ 
construction, light in weight, and built up to fifty spindles to suit mm* 
■wdual requirements The spindles are driven by band or tape, whicn 
cheaper than the belt drives used on open drawing boxes The spin 
are set as close as posssible to the delivery rolls, which necessitates 
movable flyer and spindle Drawing box and finisher spindle are s P 
ported at the top by a bracket and collar, whereas reducer and 
spindles are not supported at the top An "Eclipse" high-speed spinm 
(Fig. 3) manufactured by Pnnee-Smith & Stells, Ltd , can m 
stalled in all old finishers, reducers, and roving frames On u® . 
machines, flyer speeds up to 2,400 r p m can be attained At su^ 
speed it becomes necessary to steady the spindle at the top 
top support which consists of ball-bearings enclosed in a speaal siee^ ' 
the periphery of which is serrated. This outer sleeve is supportea ^ 
an open bracket attached to the angle beam of the machine, ano 
locking spring is fixed to this bracket, the open end of which assum 
a flexible contact with the serrated sleeve for the purpose of ^ 
stationary the outer race of the ball bearing The unique design » 
only provides a perfect angular bearing when in running 
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but It allows the 
spindles to be swiv- 
eled outward for 
doffing m the usual 
manner, and back 
again into the run- 
ning position with- 
out any additional 
movement for the 
operator, the re- 
lease and relocking 
into running posi- 
tion being of an en- 
tirely automatic na- 
ture 

The last machines 
in the open draw- 
ing set are the rov- 
ers or roving frames 
The last or fine rov- 
ing machine is 
known as the "dan- 
dy,” and IS used if 
more than one rov- 
ing operation is 
needed The bob- 
bins used in these 
machines are very 
small, being 6 by 
inches, and 
weigh about 5 
ounces each and 


Fig 3 “Eclipse” spindle in position for dolHng hold about 1 pound 

of roving These 

machines usually have two ends up and produce by suitable drafts the 
exact weight of roving Jiceded by the spinner to turn out the par- 
ticular size of worsted yarn 


Rovings for worsted spinning on the Bradford system are required 
to be regular in thickness and free from slubs, neps, and knots Stains 
of grease, dirt, dust, or oil should be prc\cntcd as much as possible. 



568 


American Wool Handbook 



Fig 4 Modern dandy spindle rover by Prince-Smith & Stells. 

raAex^reSvS’ rovers have been d^vdoped, or 

been needed narti?? speeds and increased productions ^ 

«sarv worsted roving. It becoinesr.^ 

smo^ How'PvfT*^ on the ring rovers and the roving is n®^ 
fine-aualih* wnnl’r'^^ satisfactory results have been obtained 
vFri-2If« V ♦ • ! The greatest objection to them « 

twS mL va^l“ in diameter. For iijtafl|* 

bjSsTlS rorinr “ ’*’■ “ 

® increases producuon- 

Claimed that ^\ith the same number of square yards space tJie 
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duction that is obtained is nearly doubled Another authority claims 
that the production of a ring averages at least 80 percent more than 
the regular flyer type Table 6 gives spindle speeds, bobbin size, 
traveler, and dram roving 


TABLE 6 

DETAILS 

OF RING ROVING FRAMES 

Sj^ndle 

Speed 

Stse of 
Bobbin 

Number of 
Travelers 

Dram 

Roving 

3,400 

6"x3" 

21 

16 

3,400 

6"x3" 

19 

19 

2,400 

7"x4" 

20 

19 

3,400 

6"x3" 

18 

23 

2,400 

7"xA" 

19 

24 

3,400 

6"x3" 

17 

25 

3,400 

6"x3" 

16 

35 

3,400 

6"x3" 

14 

40 

2,400 

7"x4" 

16 

7 


Drawing calculations There are many calculations pertaining to 
drafts, weights, doublings, and yarn sizes The student should realize 
that a good set of drawing has to be carefully planned through the 
various operations of gilling, drawing, and roving, the stages directly 
preceding the spinning operation Also, that a fine yarn requires a 
relatively lighter-weight roving and more operations of drawing 
and reducing than a coarse or heavy worsted yarn 
Rovings and slubbings are calculated on the basis of drams per 40 
yards, whereas gilled slivers up to tops are based on ounces per 5 yar<h 
The most important calculation in the drawing department of -a Brad- 
ford-system yam mill is the laying out of the whole system of drafts, 
doublings, and slubbing weights 

To illustrate the method of laying out it is necessary to assume a 
certain set of machines for coarse, long wools as follows 


1 One double-head can gill box 

2 One two-spindle gill box 

3 One four-spindle drawing box 

4 One six-spindle weigh box 

5 Three six-spmdle finishers 

6 Four thirty-spindle rovers 

It is now necessary to deterniinc w'hat weight lop in drams per 40 
yards is required to make a lO-dram ro\ing rcadj to spin If the 
equal draft principle is emplojcd and a draft of 9 decided on, it now 
becomes necessai^* to decide on the "doublings" or ends up at each 
machine Suppose they were as follows 
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1 6 ends up, draft of 9 4. 5 ends up, draft of 9. 

2. 6 ends up, draft of 9 5 4 ends up, draft of v 

3 5 ends up, draft of 9 6. 2 ends up, draft of V. 

It IS now an easy matter to ascertain the weight of the top 
per 40 yards, knowing the roving weight wanted, or vice ver , 
usmg the following rule : ^ 

Mtcitiply the weight by the drafts and divide by the number Oj 
doublings. 

This means the following setup equation, solved for the ^eia 
of top required, based on 40 )'ards in drams : 


10x9x9x9x9x9x9 

6x6x5x5x4x2 


=738.1 drams per 40 jards top 


When the weight of the roving is required, the weight of ^ 
IS multiplied by ^e doublings and dnnded by tlie drafts, as ma 
in the equation 


738 Ix6x6x5x5x4x2_ 


10-dram roving 


9x9x9x9x9x9 

The weight at each machme can be ascerfained by taking 
draft and doublmg singly, thus* 


each 


_738:1^_6_ 4p2,o drams per 40 yards (first operation) 

’ If the drafts are irregular or progressive, the same 
followed, substituting the draft in each operation m place o 
one of the above 9s 


2. Cone Drawing 

The introduction of cone drawing to the worsted 
place many years after open drawing ^\as well established ^ e.’C* 
ing really came from the cotton industry, where it jgOS 

tensivel} before it vas introduced into the worsted trade abouw- 
It is and will continue to be of interest to the majority of spin 
fine worsted yarns b}-^ the Bradford sjatem, especially to tno ^ ^ 
handle the shorter and weaker wools, "or the wools that 
into finer counts than coarse and long wools Hmd has 
interesting comparison between open drawing and cone 
v hich is given as Table 7 and clearly summarizes the advan > 
disadvantages of the tivo draw mg systems Cone drawing is P 
in the United States because of its greater production. 
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TABLE 7 

COMPARISON OF OPEN DRAWING AND CONE DRAWING 


Opett Drawing 

Friction drag 
Smaller bobbins 
More dofbng 
Uniform length per layer 
More twist required 
Band-driven spindles 
Single end per head 
More floor space. 

More operators 
More piecings 

Source Rearraneed from Hind, JR, 


Cone Drawing 

Mechamcal winding-on 
Larger bobbins 
Less doffing 

Increasing length per layer 
Less twist required 
Wheel-dnven spindles 
Two ends per head 
Less floor space. 

Fewer operators 
Fewer piecings 

Dravnng and Spinning Ernest Benn Ltd 


The main difference between open drawing and cone drawing is 
that in cone drawing the slabbing is wound onto the bobbin by a positive 
drive The bobbin in open drawing is loose on the spindle and dragged 
around by the slabbing Winding-on is accomplished by the lagging 
of the bobbin Because of its weight, which increases as it fills up, 
the friction drag mcreases as the bobbm fills and may cause severance 
or pull on the slabbing Hence more twist in the slabbing to withstand 
this increasing drag is necessary The hfter plate also moves up and 
down the traverse at the same speed at all times, whether the bobbin 
IS full or empty. 

Cone drawing, on the other hand, winds the slabbing on the bobbin 
without friction drag, because the bobbin is positively driven and is 
entirely independent of the spindle and flyer The spe^ of the bobbin 
IS vaned at each pick of the lifter motion, and the tension of the 
slubbmg r emains constant throughout the whole penod of filling the 
bobbin The spmdle and flyer are also dnven positively, which ensures 
that the twist is both accurate and uniform throughout the final 
roving This is particularly important on fine rovings and generally 
results in fuller and more even roving In cone drawing it is only 
necessary to insert sufficient twist to control its passage from the 
delivery rolls to the spindle top and the twist is less than that required 
in open drawing For these reasons, larger bobbins may be employed, 
such as 8 by 4 inches on roving frames, even on the most delicate 
rovings 

The only drawback to cone drawing is the more intricate and ex- 
pensive cone mechanism, which necessitates large units and marines 
that are not advantageous on small lots However, it is claimed that 
the mechanism, once understood, is easy to adjust and gives l^s 
trouble Variations are less likely to arise than in open drawing In 
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drafts, doublings, and number of machines or 
cone system is the same as the open system 
tion introduced to a set of drawing at any opera 

?’ on of arrangements 

2 O^in r including spindle gill box. 

3 oSn mil machinery for remainder. 

mg. 

in uncommon and modem conditions, particularly 

differential means of a pair of cones and a 

elaborate diapramc ^ceedmgly difficult to describe without 

be deSbed^ ^""gthy descriptions It will, therefore, not 
from England suitable books on the subject are available 


Porcupine Drawing* French or Continental System 


FrSd' ofcontm^S™® “ '‘”“™ m the United States as the 

Continental drawmo- "ot fo be confused with tlie Anglo- 

g system, which is described in Section 4 of this 



Fiff. S. Typical French drawing room in the New Jersey Worsted M«»s. 

Garfield, N J 
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chapter The French system was introduced first in England, in 
1851, and did not come to the United States until the late part of the 
nineteenth century It is particularly adapted for short wools, the 
staples of which range from lj4 to 4 inches, although longer w ools 
have been handled successfully on this system The name Poicuphtc 
IS associated with French drawing because brass porcupine rollers, 
studded with fine steel pins, are employed between the front and the 
back drawing rolls, these rollers take the place of faller pins in draw- 
ing and the carrier rolls in the slubbing and the roving of the Eng- 
lish system 


French and English systems compared Generally speaJ<ing, there 
are more processes in the Frefich system Whereas twist is cmplo)cd 
in the English system, no twist or only "false” twist is utihred in the 
French system There are more doublings and shorter drafts in the 
French system Smaller rolls are employed because of the shorter 
wools used Porcupine rolls control the fibers during drafting \ 
comparison of the two systems is best studied by Table 8 which 
summarizes the advantages and disadvantages of both s}stcin‘: 


TABLE 8 COMPARISON OF ENGLISH DRAWING 
AND FRENCH DRAWING 


Open Drawing 

Fiber control by twist 

Lack of mechanical drafting control 

Drafting better \\ith oil 

High humidity unnecessary 

Sii glc-nieche bobbins 

More doublings 

Drafts as fiber length 

Slow reduction of sli\cr 


French Draninr} 

Fiber control without iwi't 
Porcupine control 
Drafting without oil 
High humidification necc'sarj 
Doublc-mcclic bobbiii'i 
I c<:« doublings 
• 

Ociitralh quick rcductm*! o* sluer 
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and wools of similar character as well as blends of cotton and woo 
and rayon staple fiber are being carried out with success under tbj 
French system. The system is primarily characterized by the use of 
dry-combed tops, the use of intersecting gill boxes and of “nib 
aprons to insert a false twist, which is only temporary. 

Machinery Layout A typical layout for a plant using the French 
system, running on an average of single 40s worsted yam is given m 
Table 9. 


TABLE 9 DETAILS OF A FRENCH-SYSTEM DRAWING PLANT 


Operation 

Machines 

Required 

Type of Machine 

1 

one 

Melanger int gill 

2 

one 

1st mt gill box 

3 

one 

2nd int gill box 

4 

one 

3rd mt gill box 

S 

one 

Reducer 

6 

one 

Slubber 

7 

8 
n 

one 

1st intermediate 

one 

2nd intermediate 

y 

10 

two 

three 

3rd intermediate 
Finisher 

11 

ftwelve 

Worsted mules 


Ifourteen 

Ring frames 


Deliveries 
per Head 


Heck 


three heads 
two heads 
' one delivery 
two heads 
' two deliveries 
two heads 
two deliveriw 
4 boxes, 8 bobb 
8 boxes, 16 jxibb 
16 boxes, 32 lx)bb 
21 boxes, 42 bobb 
21 boxes, 42 tobb 
42 bobu 


double 

double 

double 

double 

double 

double 

double 


^-in. diam 


• observed that there are always nine to eleven operations 

ford systS'^^ drawing as against six to eight in the Brad- 

Table 9 should give the layman a direct picture of the considerable 
amount of machinery required and the number of operations needed 
which are characteristic of the French system It will be noted ^ 
the machine^ of the French system can be divided into three c 
groups . gill boxM, drawing frames, and rovers or finishers The gi 
boxes are generally of the intersecting type. 

Intersecting gill boxes When melanges or mixtures of 
qualities of tops, lugoureux, or color mixtures are employed, the 
machine is generally a melanger intersecting gilPbox It is caUc. jy 
int^sectmg or "intersector” gill box (and is used almost exclusive^ 
in Continental drawing) because its main features are two comp* . 
sets of screws and pinned fallers placed one above the other, j 
faller having a single row of pins The rows of pins in each set 
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fallcrs "intersect” and are withdrawn alternately from the sliver It 
overcomes the objection to open drawing, that the wool sometimes 
rides over the faller pins The principle of the intersecting gill box is 
explained and made clearer by the side elevation of Fig 6 



Passage of the material It can be noted from the drawing that 
three slivers are fed to the intersecting gill box which originate from 
three upright cans or direct from top balls placed into an upright or 
vertical stationary creel When balls are used, sometimes driven creel 
stands are used, the ball is laid horizontal on two grooved wooden 
surface rolls, which are driven directly and rotate the ball so that it 
Will deliver sliver at the rate required by the gill box The shvers pass 
through guides into a pair of back rolls (top and bottom), which are 
fluted and weighted by patented methods Assisting feed rolls are 
used on very short wools or blends of short and long wools so they 
Will enter the needle field without plucking They are usually fitted 
between the back rollers and faller feed. From there the slivers, laid 
side by side, pass through two sets of pinned fallers, dne set having 
its single row of pins pointing upward and the other row (coming 
from above) intersects the lower and has its pins pointing downward 
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(see Fig 6). Between them the sliver moves forward, as do the 
fallers with it, but the sliver is moving more rapidly. As the slncrs 
pass foiw’ard, the fallers reach deeper into the wool fibers and leave 
the fallers as the gilled wool sliver enters the delivery rolls These 
rolls are fluted and the bottom one has an endless leather apron run- 
ning around it but the top one is bare and fluted. A brush keeps hnt 
and adhering fiber from interfering with the function of the rolls 
The leather apron cushions the nip of the case-hardened rolls am 


softens the pressure on the top roll, which is necessary to get a ^ 
grip on the wool fibers In the latest machines the flutes are diagonal, 
w'hich IS claimed to give an even and constant draft with an excep* 
tionally smooth cushioning effect The fluting can be furnished deQ>. 
fine, or c(»rse according to requirements or individual preference 
from the fluting, the single sliver (or amalgamated three slivers inw 
one) passes on over a plate through well-polished and easily thread^ 
unnels, these funnels are rotated b\' small skew gears and serve 
insert a false twist into the sliver as well as to condense the size of t 
sliver The silver now passes thiough a pair of smooth calender 
^ reciprocating guide trumpet onto a balling head, w 
es to form a firm ball on a wooden core without any heads 
^rangements vary according to whether there is one ball per head oi 

productibn of an intersecting gill box depends o" 
the draft used, the pitdi of the fallen ^ 
TfaetHr ® used. The faller speed is 

ever ^ relative production figure ^ 

^’^ops of fallers per minute, and S/l 
machine at^ per cent 

hniir^wp<>V hanks (560 yards in one hank) per Xs 

pitch screws, 500 drops of 
'^*11 produce only 144 hanks per fort> 
eight hour week at 90 per cent efficiency . 

IS dependent on the size of the maejan^ 
Md the method of driving Driven from hne shafts m a group 
M h p per head is necessary or 3 h p for a four-head machine , 
drivp by an individual motor, about 3 hp for a two- or three*nea 
machine is required 

Types of deliveries. The deliveries of intersecting gill boxes 
French qrstem are of two types* can or ball. The balling head V/r 
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of machine is more common and can be made to give any of the 
following type of deliveries • 

One single-meche ball per head 
Two single-meche balls per head 
One double-meche ball per head 
Two double-meche balls per head 

Here it becomes necessary to explain the word meche to the un- 
initiated Bobbins m the delivery head of intersecting gill boxes and 
all succeeding drawing machines which have one end or sliver per 
bobbin are known as "single meche ” Those bobbins which carry 
tivo ends or slubbings per bobbin delivery are called "double meche ” 
In other words, in succeeding processes it may happen that single- 
meche or single-end bobbins are put into the creel and come out 
double-meche bobbins in the delivery, i e , with two ends on a bobbin 
In another machine, double-meche bobbins are put in the creel and 
come off on double-meche bobbins in the delivery, that is, the bobbins 
have t\vo ends or slubbmg at both the feed and delivery 

Stop motion The individual heads of a melange intersectmg gill 
box, which may vary from one to six, can be stopped individually 
In order to eliminate waste, a device to stop the whole machine as 
soon as one head ceases to function has been invented 

French-system or porcupine dratving machines The French dra-yr- 
ing machines consist of a series of drawing, reducing, slubbmg, and 
roving machines, which, contrary to the Bradford system, employ 
porcupine rollers after the first, second, or intermediate gilling is 
done on intersecting gill boxes Since no twist is employed in me 
slubbmg and roving at any time, it becomes necessary to add a rubbing 
action to the roving in order to hold it together and package it on 
headless bobbins that will permit manipulation from machine to 
machine without breaking or severing the slubbmg These will be 
explained in detail 

While the machines are similar to each other, they vary only in 
fineness of construction according to the position they occuj^ in the 
set of French drawing An arrangement of such a set is shown in 
Fig 5 of a French drawing room Note the fine sawtooth roof, giving 
excellent and uniform lighting, high ceiling, and good lighting ^ndi- 
tions Cleanliness and good working conditions prevail in such de- 
partments Note also that humidification is provided by overiie^ 
humidifiers Such rooms have to be provided and conditions of 80-90 
per cent relative humidity must be maintained at all timK The picture 
shows a typical American installation of French drawing 




pig 7 Porcupine drawing frame with one double-meche bobbin per h 
Courtesy Forslmati Woolen Co 


, r f'ViAse 

Number of inachtnes The sequence and the number oi w jgiowfl 
mg operations were pointed out in Table 9 They second 

by names such as reducing, slubbing, intermediate (first an 
and/or tlnrd) drawing, rovmg, finishing, etc. They 
six to eleven machines in direct sequence to each other, ^jje 
charged with the doubling, drawing, and reducing of the t p 
size of the roving ready for use on the spinning machine . 

Passage of the material The passage of the wool is ptac 
same for all French drawing processes The vertical creel a |gf 
of the drawing machines provides room and a convenient 
the bobbins and also a means of guiding the twistless ends or 
The bobbins are supported by wooden skewers "-i-eat 

center of the wooden-core bobbin tube They run 
when supported at each end Steps and cups carry f slabbing® 
permit the bobbin to run very smoothly and lightly i n ^ gi,(j^vn 
^ are guided over glass rods and down to the traverse guia 
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in Fig 8, a side elevation of a typical French porcupine drawing 
frame Traverse guides which move the slubbings to and fro as they 
enter the back rolls distribute the wear of the drawing rolls and rub 
leathers over a larger area than would be possible if no traverse was 
used 

There are four distinct operations performed by a French drawing 
frame 

1 Doubling or number of ends up or ineche 

2 Drafting or reduction of thickness of slubbing 

3 Rubbing or condensation of delicate slubbing 

4 Winding-on or packaging of slubbing 

To perform these four functions or operations, certain mechanical 
devices are provided creel, guides, back rolls, carriers, porcupine 
rolls, front rolls, rubbing leathers, and winding or balling head The 
relative position of these parts are indicated in Fig 8 



Fig 8 Details of a porcupine drawing frame 


Doubling is done in the creel, guides, and back rolls Two sets of 
ends from two bobbins are run together and are made into one s ub- 
bing by one set of drawing rolls Drawing or drafting takes plact 
between the back rolls and the front rolls Rubbing or condensing 
of the slubbing is performed by the rub leathers (simil^ to lose in 
the finisher card of woolen yarn manufacture, 
whereas winding or balling is performed at the front 
furnishing a ball, bobbin, or package of different size and jardagc on 

each drawing frame 
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Funchoji of the porcupine The French drawing frame employs « 
poraipine roller instead of pinned fallers in the drafting area 
the back and front rolls. It consists of a brass roller studded 
steel pins, which points backw ard about 60° w itli respect to its roto* 
tion The porcupine roll gives rectilinear or cun’ilinear drafting, t s 
latter being a decided advantage on very' short w ools The 
of the porcupine roll is to control the short fibers, while the long no^ 
are drawn through it by the front roll and its circumferential spew 
is slightly* slower than the back rolls, 93ffe to 975^? of the back ro 
speed It IS fitted in a position as rear as possible to the front rolls, an^ 
a little Ingher than the mp of the rolls They exist not to 
draft agents, but rather as a means of floating fiber control 
rollers directly' preceding the porcupine roll are termed “earner rolls 



Fir 9 Close-up ■t'iew of porcupme roll in drawinR 


TABLE 10 
Item 


DETAILS OF PORCUPINE ROLLS 
Medium Wools 


First Dnrsoing 

a. Width of roller pm (in ) 
b Diameter (in ) 
c. Rows of pins 
d Pms m rows 
e. Wire number 


9 ^ 

275 

48 

107 

19 


8 

2.36 

36 

131 

19 


Last Drawmg' 

a Width of roller pm (m.) 
b Diameter (in.) 
c. Rows of pms 
d Pins in rows 
e. Whre number 


3 35 

*7 

56 

159 

27 


2/0 

7 

60 

169 

23 
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The top front roll is provided with a clearer roll covered with 
plush, and a brush to prevent laps and keep the top roll free from 
fiber lint Top rollers are covered with leather, roller felt, hard leather, 
or cork, over which parchment covers are «:ometimes used A weight 
and le\cr arrangement (not shown in Fig 9) provides the necessary 
pressure to the nip of front and back rolls 

Function of the rubbing leathers and motion After the wool has 
been drawn tlirough the porcupine by the front rolls, it is passed on 
directly to the rubbing aprons or leatliers, which serve to rub the 
httle slivers (twistless) into round, condensed, and firm slubbings 
They consist of two leather aprons, placed horizontally on tW'O smooth 
revolving rolls, each rotating in the same direction as the wool and 
oscillating laterally as well Thej are set approximately mch apart 
front and back and the ro\ ing passes between the two leather aprons 
The aprons are touching in the middle only through the weight of a 
wooden idler roll Porcelain guides hold double-meche slubbmgs the 
proper distance apart This action gives strength to the slubbing so 
that it can be condensed into a firm, round strand, which enables 
It to be manipulated in the creel of the next frame 

The leather aprons are made of chrome-tanned unpobshed leather 
With glued smooth joints, or of oak-tanned rubbing leather The 
lateral oscillations are created by means of double eccentnes and 
connecting rods with a rocker bracket The aprons can be adjusted to 
give three different leng^s of rub traverse 

IVinding-on or packaging The firmly condensed slivers are now 
guided to the barrels of the balling device or “winding end,’ as it 
IS named in Fig 8, which has a traverse corresponding to the width 
of the bobbin, the ends passing through the trumpet guide or, more 
recently, through an improved steel sliver guide onto the bobbm 
This is shown in a top view of a drawing frame, where the traverse 
guide is clearly noted The object of the balling head is to wmd the 
delicate wool slubbing on a bobbin core or wooden barrel, varying 
in width from 15^ inches on the first drawing, to only 8 inches in 
the rover The ball or bobbin is built up without wooden heads and, 
bj means of a traverse, builds a perfect bobbin The traverse is ob^ned 

means of a rack and pinion wheel and a buffer motion to ab^rb 
the shock when the carnage changes its direction The type of bobbin- 
build is illustrated m the side elevation of the French drawing fr^e 
Through changing the weight of steel spindles, tightness of wnding 
can be regulated Density of winding is controlled by the sped of the 
traverse A qmck traverse makes wnde spaces, hence soft barrels ana 
frequent doffing 
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4. Anglo-Continental System* 

The regular systems of English and French drawing have 
tmctive featuies, and the yams produced have generally been utilized 
for entire!}^ different purposes The Anglo-Continental system of 
drawing is^ as the name implies, a combination of both of Uiese s}S* 
terns 

This system has an advantage over the English system in being 
able to work shorter wools and tops of more uneven length, because 
pm control of the fibers is substituted for twist control in the firs 
six or seven operations, ivhere the sliver is thi(± and drafting against 
twist is least effective For the final operations, however, when tlie 
thickness of the sliver has been sufficiently reduced, the English S)S 
tern of draft against tiMst control is introduced, thus producing a 
ro\ung which is smooth, solid, and in every way suitable for spinning 
on the regular t3'pe of English spinning frame 

In recent 3'ears spinners using the English system have met 
ever-increasing competition from users of the French system, 
because fashion has been running on soft-handling fabnes, and 
because the shorter wools, wduch the French smnners could bbh ' 
have been dieaper than some of the longer wools necessary for ^ 
English system 

The Anglo-Continental system of drawing is eminently suited for 
Jealing with wools up to about 9 inches long, in qualities 
between 50s and 70s, and containing a minimum average fiber 
01 about 2 inches An important feature of the system is its suitabi q 
for oifeer oil- or dry-combed tops, and even blends of these oao 
wrorked successfully. Veiy short wools, however, should be 
on tlm French system of drawing , long luster wools, mohair, alp 1 

goat hair, etc , are also unsuited for processing on Anglo-Continen 
machinery r e, « 

As the roving operation of the Anglo-Continental system of 
ing, together with the subsequent spmnmg operation, is on the S 
hsh prmaple, die actual length of matenal which can be dealt J 
in a atisfactory manner on this system of drawing depends pnma 
on the sizes of rollers and fiber control capabilities through 1,, 
the reducing, roving, and spinning machinery This will be ream 
understood in view of the fact that Anglo-Continental driving 
frequently' introduced into mills to substitute for open drawing ® 
m w^ork in conjunction with existing roving and spinning 
The A nglo-Continental drawing is of most interest to mills eguipp 

•Under American Patent No 1,79S.351 bj Pnnee-Smith & Stclls. Ltd. England 



English and French Worsted Drawing 


583 


with English combing, drawing, and spinning, because its introduc- 
tion is easy and docs not involve, like the French system of drawing, 
an entirely new combing, drawing, and spuming plant 

Rovings may be produced which will give a yarn of almost any 
required characteristic, depending, of course, upon the blend of 
tops used Sucli yarns can have all the properties of those produced 
on the English system, or many characteristics of those on the Frencli 
system, or even a combination of the features of both It is obvious, 
therefore, that the spinner who uses this new type of drav/ing is in 
a position to supply the particular type of yarn m current demand, 
the Anglo-Continental being more elastic and adaptable than either 
the English or French systems 

The object of the invention is to provide means whereby oil-combed 
tops may be drafted with the aid of pin control The mam features of 
the system are 

1 A patent automatic stripping porcupine 

2 High-speed revolving funnels 

3 Control of the sliver during the drafting process 

If an attempt were made to deal with oil-combed tops (3 per cent 
of oil) on machinery of die pure French type, it would be found that 
the porcupines become greasy and clogged up with waste, which in 
turn cause the wool to lap, and that the rubbing leathers in time ^t 
so saturated with oil as to become ineffective The features of the 
Anglo-Continental drawing just listed completely eliminate these 
two g^eat objections and enable “wool in oil” to be drafted success- 


Douhhngs 

12 

3 

4 


Drajt 

534 

6 


TABLE 11 TYPICAL ANGLO-CONTINENTAL LAYOUT 

Nvmber and Type of Machines 

j Intersecting gill box, 3 heads, 3 balls, s m 

J Intersecting giU box, 2 heads, 4 balls, s m 

J Intersecting gill box, 3 heads, 3 balls, dm 

1 First Anglo-Continental drawing box 8 heads, ^ 

8 balls, d m , 17^ in centers ^ 

* Second Anglo-Continental drawing box, 15 

heads. IS balls, d m , 1354 m. centers ^ 

^ Anglo-Contmental drawing box, 10 neaas, 

20 balls, d m , 20]^ in. centers ^ 

4 ^-spindle Anglo-Continental cone nmshers, 

A ^bSins 12 in x 6 in, 9J4 ^ 

4 40-spindle cone reducers, bobbins 10 in. x 5 in , 

7 IY® hues of spindles a a ^ 

• 80-spindle cone rovers, bobbins 8 in x 4 in , ^ ^ 

TS^'&lmgs*for“the set 31,104 Approximate production 
per forty-eight hours of 4j4 dram roving 


Weight 
576 
288 
192 

96 

AS 

36 

27 

13J4 

4jd 

7000 pounds 
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fully with the help of pm control, which hitherto has been possible 
only vnth dry-combed wool. 

There is a \\ ide range of yams which are being successfully pro 
duced on tlie Anglo-Continental drawing, and for such yarns it is 
found that the new method has many advantages over the English 
system 


TABLE 12 


Merino 

70s 


Qml Top 

Stse 

Drs 

60s 


56s 

1)4 

S2s 

2 

4Ss 

254 

44s 

2H 

40s 

214 

36s 

3 

32s 

354 

28s 

3H 

24s 

4 

20s 

5 

16s 

6 

12s 

8 

8s 

9J4 


ROVING WEIGHTS FOR VARIOUS WORSTED YARNS 


(In drams per 40 yards) 

(Crossbred Crossbred 
50s/56s 40s/46s Luster 


EnglishLusttf 

40s/44s 


Equal Top 
S tee Drs 

48s 
44s ) 


403 J 
36s 1 



24s 

16s 

12s 

8s 


3 

35 ^ 

5 

8 

9 

IS 


Equal T op 32s/36s 

Stse Drs Stse Drs 


40s' 

36s 

32s' 

30s • 

28s. 

24s 

20s 

16s 

12s 

8s 



32s 1 


5 

1 

30s J 

6; 


28s 1 


evz 

1 

24s J 

9 


20s 

10 

854 

16s 

12 

10 

12s 

16 

12 

8s 

24 

16 



24 




Equal Top 
Stse Drs 

40s S 
36s 


32s' 

30s. 

28s 

24s 

20s 

16s 

12s 

8s 


6j5 


10 

12 

16 

24 


table 13 NUMBER OF WORSTED DRAWING SETS 
IN UNITED STATES IN 1943 


Single 

Double 

• 

Bradford 

393 

211 

French 

• 

• 

Total 

Total 

• 

604 

119 

723 


Source Bureau of tie Census ff^col Manufacturing Equipment in V S. tn I9f3 



Chapter 14 

WORSTED YARN SPINNING 


W ORSTED 3 ’arns are iptin by four different methods, namely 
1 Flyer Spinning 
2 Cap Spinning 
3 Ring Spinning 
4 Mule Spinning 

RoMiigs for \\orsted j-ain spinning are prepared according to the 
French or Bradford S 3 stems of drawing 
Tlie changes in the use of these systems of spinning in the various 
branches of the worsted spinning industry is best illustrated by Table 1 
which shows clearly a reduction in total spindles for the period in addi- 
tion to a pronounced shift in both spinning systems to ring spinning 
with Its greater productivity ^ 

table 1. NUMBER OF WORSTED SPINDLES IN U S , FOR 


1936 AND 1943 CLASSIFIED ACCORDING TO SYSTEM 


Sysletn 

Bradford System total 
Flyer 
Cap 
Ring 

French System total 
Mule 
Ring 


1936 

1.533.000 

100,000 

1.283.000 

150.000 

756.000 

656.000 

100.000 


1943 

1,286,271 

30,500 

967,891 

287.880 

671.306 

549.306 
122,000 


Demand for larger yarn packages plus increasing competition and 
the necessity for lower production costs has reduced cap spinning 
considerably, as its limitations have become more 
dent In this country flyer spinning is now used only for mohair, luster 
and carpet wools of l/4s to l/30s worsted count 
IS towaid large package ring spinning in all worsted f 

IS still used itensively on fine crossbred and 

to l/80s. whereas, the ring frame .becoming quite popular Ae 
medium and fine merino qualities with counts of V12s to l/70s , fte 
mule IS preferred by many for softn^s and fullness, and on &e shorter 
merinos and crossbred wools, is used for dress goods a ly y 
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The worsted spinning field may be divided into two mam sections, 
namely, continuous flames and tntei mittent machines Included in the 
former, are the so called “throstle” frames, such as flyer, cap and nng 
frames, whereas in the latter there is the worsted mule, which is dis- 
tinctly different and should be considered separately. 

According to the order of tlieir introduction into the United States, 
the flyer frame was probably the first to be used, the cap frame next, 
followed by the rin^ frame (See Chapter 1). 


TABU£ 2 

WOOL QUALITY VS SPINNABILITY AND MAXIMUM COUNTS’ 

Max. 


W ool Amcrtcan 
Qual Blood 
No Grade 


Aver 
Dtatn 
HI Microns 


Aver. 
Dta»K m 
Inches 


Bradford 

or 

Worsted 

Spuming 

Counts 


Worsted 

Spinttfttg 

Cottnis 

Ordinanty 

spun 


80 

70 

64 

60 ' 

58 

56 

50 

48 

46 

44 

40 

36 


Fine 

Half Blood 
Half Blood 
Three-eights Blood 
Quater Blood 
Quarter Blood 
Low Quarter Blood 
Common 
Braid 
Braid 


1880 

000074 

80 

52-70 

2030 

000080 

70 

48-60 

2180 

0 00086 

60 

40-50 

2480 

000098 

50 

30-44 

2630 

000104 

46 

28-40 

20-36 

18-32 

18-28 

18-26 

16-24 

15-20 

6-16 

2800 

000110 

38 

3030 

000119 

34 

32 50 
3450 

000128 

000136 

30 

28 

3600 

000142 

26 

3800 

0 00150 

22 

4000 

000157 

18 


icnted 


Freni* system of spuming, the maximum worsted count, as repres 
by the wool qualitj^ number, can be reached with super wools 

As motioned under grading, the numerical terms designating ^ 
wool quality number have for their basis the maximum spinning ,capa^ 
the finest possible number to which it can be 
Table 2 shows the practical spinning limits of each wool quality tn 
Bradford system of spinning 

Principle of worsted spinning The worsted spinning process is gene 
ally earned out in tliree separate steps as follows . 

1 Final drawing-out or drafting. 

2 Insertion of twist 

3 Winding-on or packaging. 

These are the types and sequences of operation which take place 
iirespecfave of the particular system employed , a 

The main objective in worsted spinning is the production nxi 
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roving of a very uniform yarn of the desired thickness, requisite 
strength, surface, handle and appearance, put up in convenient forms 
such as bobbins, spools, cops or packages for later manipulation, inspec- 
tion and use for knitting or weaving 

The drafting is done by ro’lers in all cases, and is called roller draft 
as against the spindle draft used m woolen mule spinning The flyer, 
cap and ring frames differ only m the construction of their spindles, 
and their methods of imparting twist and winding the yarn on the 
bobbins 

Of late, ling-spun yarns exhibit many characteristics of the mule 
and flyer-spun yarns, whereas cap-spun yarns are always more hairy 
and “wild ” However, much depends on the length of the wool and its 
grade and character, as well as the care taken in preparation of tlie 
roving 


FLYER SPINNING 

I'lyer spinning frames were patented by Richard Arkwright on July 
3, 1769 It IS said that the idea of the flyer originated with Leonardo da 
Vinci (1452-1519) and that the name “throstle” was given the frame! 
in England because the noise made by the revolving metallic flyers 
sounded like a bird singing 

The flyer system, the original method of continuous spinning, is 
losing ground rapidly because of its low output, but is practically 
indispensable m the production of heavy mohair, luster wools and 
carpet yarns 

Considerable smoothness and luster are the main characteristic^ of 
flyer-spun worsted yarns The finest count that can be flyer-spun is 
a l/32s worsted, because of the drag encountered 

The fly er frame is built on the same principle as the onen draw me 
inachines It has back, front and carrier rolls to draw out the rocine, 
and spindles with flyers scrcw’ed to the top to impart the twi«t anr, 
wind the y'arn onto the double-headed wooden bolihins or papi r tu ic', 
tlie choice and dimensions of which are determined by the tnatenu in 
work, and the purpose for which the yarn is to he ii«cd. Tlie ni'’Ci .n» 
are usually double-sided, equipped wiUi spindles drnen fro 'i the 'ii^ ns 
drum at a low' speed normally not more than 2,500 r p m Gi'isnifn ■>> 
higher speeds may be obtained with ball hearing spindles to 
doffing flyer frames, a later dcaelopmcnt which p'^’ami*- sp t c 
of 3.000 r p m t » , • 

The lifter motion of a flyer frame is of a dificren’ lyx j f ^ j”' ' ^ 

draw mg box Fly cr frames w ind the yam onto hobh'nt by st f < ' - 


instead of the bobbin lead used in cap and ni^fram^. fhp -rarn 
employed, which retards the barrel of the bobbin and perm te ^ 
to be laid on the bobbin in horizontal layers. Drag is obtained by w^he 
of felt, leather, rubber or cloth Spindle lead on these flyer 
mits automatic or self-doffing, for which there are sewrd 
Bobbins can be changed by means of rail changing, bobbi 
or reversible rails. The doffing motions are of particular i P . 
when thick counts, which require frequent doffings, are being 
The doffing motions have been considerably simplified in rec y 
and a frame can now be doffed in less than a minute i,ora use 

The production of fly frames is low, but that is unavoidable , 
the yam would be too hairy and rough if spun at high-spind P^^^^ 
Such productions vary between wide limits, and no denni 
can be given Long drafts are used in preference to short ones v\ 
eleven inch length, for instance, are given a draft of 12, and ^ 

than the fiber len^h Spindles are of two^ types, ^bose driwn i 
bottom, and those driven from the top with peg spindles jy 

carrier settings require much attention Too much control 
yams, while too little control produces irregular drait g 
“twitty” yams. 

CAP SPINNING 

The cap method of spinning is very popular in the 
and practically all Bradford-spun worsted yams are spun on this y 
The method was invented in America by Charles Daniorth 
covered by a U S patent issued September 2, 1828 . jjg 

The differences between the cap and the flyer systems of 
in the constmction of the spindle, method of inserting the w * 
the winding-on of the spun yarn onto smaller bobbins A typical 
lean machine is shown in Fig. 1. « 5 

Principle of cap spinning. The arrangement of drawing ^ gap 
aedy the same as in the flyer frame or in a roving finisher 
frame is adapted especially to fine counts of Bradford-spun ya 
menno and fine crossbred wools and can handle counts rangi g 
1/12 to l/80s worsted In these frames, the spindle is 

i, because it does not revolve, but the bobbins are the 


dead. 


of a brass tube or shell with a whorl at the bottom which nt 
fixed spindle and rests on the lifter plate The bftei'»^g“^^®°.'jjon 
stationary metal cap, moves the tubes up and down to wind we y . 
the small bobbins. There are three lypes of caps employed : 

1. parallel caps (2 in diam , 6 in long) 

2 taper caps (1^ in diam , 7% in long) 

3 bell-shaped caps. 







are^ui^d^fofr common type. Parallel caps 

are emnlnvia,^ ^ ® bobbins, and tapered and bell-shaped caps 

permit eiiL y Jd?ge ‘° 

bailo(w^na*Q<»n^fP positively driven and the i etarding action of the 
around the ed^ conjunction with the “licking” 

of the packaffe^ The wound on the barrel 

mining the ^ about two ounces of yarn. In deter- 

distance between package to be used, the 

sidS^on Th^ the cap edge fs taken into con- 

A much SatS decreased as the yarn founts become finer, 

tube and btAhm rir ^ attained on cap frames, because the 

s%ed 9 usually operates at 6- to 7,000 rpm, though a 

cap framerSoC^it^^^^^^^^^^ great difference in speed on 

and more hairv but results in a inudh roughei* 

frame It can Ksed on^M P^centage of fly than the flyer 

Because of its larger nrSi. 1 of .yam above 12s worsted count 

ji _ larger production rar»nf»iftr .+• ml** 


Because of its larger nrnS., f of yam above 12s worsted count 
pet capacity it is used extensively for pile 

bbnw or soonli'- filling yarns can be spun on single- 

uuins or spools : for warn vame l-h^ 5„.s- «« cntrip- 


head bSiiSor snS" frf 'P™ 

: " yams the bobbins and iaps are some- 

spools permit more yarn to be wound on the 

to doff by hand than flyer 
tintie 1 ^ self-dofiing or mechanical doffing mo* 
in fit « adopted to the same extent as 

rpn« spinning frames. The doffing operation usually 
Hip to two minutes during which time 

f r^nif must remove the caps from the spindles, 

raS damaging the caps. Deposit of oil on 
P I snipped or denterf ranc atirl cfirL^r ran<5 catisc 



rane « inc caps, jjeposir oi 

dented caps and sticlgr caps taa.-- 
trouble in spmning 

stah^^^ The tube revolves around the 

2? f " 7- cap with the bobbin putting 

Dlaffi a tobe rests on the lifter 

snnnl ^I’ound the spindle cariying the 

of tht> groove cut into the bottom head 

the whor?^^^” ^ placed at the top of 

* “ cnmM^ bobbin from slipping The yam 

biif ' soinHl»» n pigtail guide centered over the 

of Si ’ the smooth bottom rini 

assembly. of the metal cap, and is then wound onto the bobbin. 


TliC cap and ypindlc .i.c >* tJ'o. r’, . • niif' the lifter rail raises and 
lowers the bobbin fn- ibi o; ••“'itcr'-t. desired on the bobbin, 

and accordin^j to the ‘•h'*i i *. >’ i eh i <(, j.arn should be wound 

The tube and l>obb r .v fron IliI to right If the bobbin is 
'\otinf3 too soft, there -rt i i ne To of correcting it, namely, by 
increasing the *:pin(llc -oui h, !o.”trMig the spindle rail Separa- 
tors or rnctal shields p'rvent the b'lioiiis formed by the yarn from 
touching each other or tjcn.ni.iig too large To give a yam ten turns 
of twist j>cr inch of biicth, the tube and bobbin are revolved ten 
times for c\cry incti of roving dclr’crcd b> the front rolls The amount 
of yarn wound on the bobbin is the same as that delivered by the 
front rolls, less a small an.ouiit of take-up due to this twist Because 
of the method of w indiiig in tlic cap frame, the yarn is wound around 
the bobbin in the oppocife direction to that in the flyer frame. 

Amount of tu-.xl. The ainotint of twist put into any particular yarn 
'ancs considerahl} , and dcjicnds on the quality of the stock, the type of 
j-arn, whether warp or filling, and tlie fabric to be made from it A yam 
>s only as strong as its weakest place, and long fibers generally reqmre 
less twist than short ones Tlic factors here are fiber diameter, softness, 
length and adherent properties of the wool Filling yams usually 
receive less twist than warp yarns because they are not subjected to as 
mucli tension in w caving Cap spun yarns need more twist than those 
spun on a mule, ring or flyer frame. Suitable twists are determined by 
experience or users specifications. 

For American machines, the twist gauge point for spimung frames 
>s determined according to the following formula: 

Gauge point t= fdi am cvl 1 (double stud chain gear) (front roll gear) 
(diam whorl) (cyl chain gear) (ctreum boL frt roll) 

Assuming a 10 inch cylinder is used, and a Ifi inch whorl, front 
roll gear— 268 teeth, circumference of bottom front roll — 12j4 inches, 
cylinder chain gear— 34 teeth, and double stud chain gear— 60 teeth, 
then a substitution of these figures would result in a twist gauge point of * 

_ 10 x 60 x 268 160800 — constant 

125 x 34x12 5 “"531 25 

To find the turns of twist with a change gear of 60, divide this 
constant by 60: 

5 turns per inch 
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To find the change gear for a certain twist, divide the twist into the 
constant 

Tlie above twists are theoretical and a loss o£ twist from 2 to 7 per cent 
usually occurs Hence, it becomes necessary to check regularly on tlie 
actual twist going into the yarn by testing the ■v'arn itself on a twist tester 
(See Chapter 23). 


Txvist hi single worsted yarns. As a general rule a spinner does not 
put any more twnst into the single yarn during spinning than is abso- 
lutely necessary because twist is expensive, increases yarn costs and 
delays production However, twist in a w'orsted yarn serves sever^ 
important purposes * first, it gives the yarn sufficient breaking strength 
to be handled satisfactorily m subsequent winding, warping, w’eaving 
or Icnitting operations , second, it adapts the yarn to the requirements 
of the final cloth or product made from it, i e , to be used for filling or 
warp, for men's or W'omen’s wear, knitting or crepe fabrics Such twist 
<an be required by the purchaser or is specified by the spinner or by 
the mill’s owm weaving or knitting department 

various degrees of twist used to accomplish different pu^- 
poses The lowest twist is sojt twdst, which is generally used for knitting 
or embroidery yarns ; normal twist, which is the twist given to w’eaving 
^nis,^ and may be subdivided into zvarp twist and fiUtng twist. 
twist is the twist which determines the maximum breaking strength ^ 
the wopted yarn and is of great importance where maximum clotn 
strength is required Filling twist, put into 3^ams used for filling or 
weft purposes, is usually softer than the w^arp twist, but higher than a 
taittmg twist because of the tension existing during rewinding onto 
nitog bobbins (if rew'ound) and in the shuttle dunng weaving. 

The n^ft degree of yam twist is medium har d, which is used m haro 
or clear finished worsteds, for instance where the warp shows on t 
face and makes the face of the cloth It eliminates an excessive amount 
sheanng to dear the face of fuzz, which would be necessary if a lo^^ 
twist were used. Yams intended for warps in serges, gabardines, w P" 

cord and tricotines receive this twist 

The highest amount or hardest twist is put into worsted yams to ® 
used in crepp or crepelike fabrics, as well to obtain puckering or ^ , 
ling by shrinkage and corded or other effects. The breaking strength or 
of coupe, will have been reduced through this over-ftps 
While ^ch spinning mill has, to a certain degree, standardized . 
twists in their o^vn spinning department, there is not as yet any gen 
^e^ent among different nulls as to what these twists should oc 
^ch mill has its own peculiarities as to qualities of stock ruu» 
length and length vanations of their wools and the system of spinnms 
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U'scfl, i c , nnp. nnilc or cap The type of fabric being woven, i e , suit- 
ings. coatings, etc . determines to a large extent the twist to be used 
in the yarns 

'Jahle 3 gi\cs the single }arn twist for worsted yarns in turns per 
inch for regular combing wools with a length of to 3 inches, gener- 
ally spun on the French system This table has been prepared for 
this book to serse as a guide and should not be construed as a 
standard or as an absolute minimum or maximum of twist to be put into 
sale )nrn, for instance It does take in the w'hole range of American 
practice in worsted \arns The Bradford spun yarns have a slightly 
low'cr twist because of the longer wool used The terms soft, normal, 
medtum haul and hard /«*k/ are relative and refer to the character of 
the jams as influenced by the twist 

Twtsi factor The twist constant or twist multiplier expresses a 
definite relationship betw ecu the }arn number and the twist As the yai n 
becomes finer, the twist increases in direct proportion to the square 
root of the yarn number For instance, in a 10s worsted yarn, the 
knitting twist is about 5 turns per inch, whereas, in a 50s worsted yarn 
It IS about 12 turns per inch Therefore, the square root of the yam 
number must be multiplied by a twist factor which will differ for each 
type of twist 

TABLE 3 SINGLE YARN TWIST OF WORSTED YARNS 


Yam Number 

Soft 

(Twists in turns per incli) 
Degrees of 1 wist 
Normal 

Medium 

Hard 

Worsted 

Knitting 

Filling 

Warp 

Hard 

Crepe 

1682 

10 

5 30 

722 

9 72 

13 36 

IS 

647 

882 

1192 

1635 

2059 

20 

749 

1019 

13 76 

1635 

23 77 

25 

836 

1141 

1537 

21 10 

2662 

30 

915 

1250 

1689 

2312 

29 13 

35 

989 

1350 

1824 

2501 

3143 

40 

10 58 

1442 

1945 

26 70 

33 62 

45 

1123 

1528 

2063 

2&31 

35 63 

SO 

1183 

1610 

2176 

2987 

3759 

55 

1243 

1690 

22 84 

31 34 

3943 

60 

1298 

1768 

23 85 

32 73 

4120 

65 

13 48 

1838 

2480 

3406 

4288 

70 

13 98 

1907 

25 75 

3533 

4447 

7S 

14 48 

1975 

26 60 

36 58 

4604 

80 

1496 

2040 

2753 

3778 

4758 

85 

1542 

2103 

2836 

3895 

4903 

90 

1587 

2163 

2918 

4006 

5043 
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On the basis of the twists given in Table 3, the factors or twist multi- 
pliers have been calculated and listed in Table 4 for the convenience of 
the spinner, analyst and technician These factors apply to Frencli spun 
worsted yarns only For Bradford spun yarns, the factors must be 
modified slightly downward. This practice of using twist multipliers 
has been very valuable in the cotton yarn trade and when the woolen 
trade has become accustomed to the method, it may w^ell become accepted 
practice in the woolen and worsted field as well. The table will be a 
guide to superintendents, spinning room foremen and control tech- 
nicians who are interested in the conect twist for worsted yarns for 
their several purposes and want to adjust it to meet their own particular 
requirements 


TABLE 4 TWIST 


Degrees of Twist 
Soft . 

Normal, filling 
Normal, warp 
Medium hard 
Hard or crepe 


FACTORS FOR WORSTED YARNS 


(French Spun) 


Worsted System 
Factor 

.. 167 
228 
. 307 
422 
.. 532 


Equation Turns per inch = Factor V'Worsted yarn no 

Another formula which can be used by the designer to establish the 
^ higher or lower in yarn number but with t e 

same tj'pe or class of twist, is as follows 


Twist of new count == V~ New number X twist° of 

knowm number 

fnf To ^ worsted yarn with 15 turns per inch is to be changed 

to a 30s wo rsted. What i s the corresponding twist? 

V 30x (15^) = = 17 turns per inch 

25 


Single yarns such as are produced on 
f S ""“I®®’ with right hand or left hand 

Left hand twist is often termed ordinary, regular or openband tw 
*w«t IS known as reverse, opposite or crossban 
nfusion and many misurtderstandings 
las adopted a verv simple means of desip 


liduu iwist IS knov 

much confusion ana many misunuerct^uv,...^- 
y^arn trade, the A S T M has adopted a very simple means of 
mg the two types of twists employed in spinning worsted yarns 
a y, and textile yarns in general. The definition is as follows . y 
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Fig 3 Types of twist in 3 rams 


or cord has an 'S’ twist, if, when held 
in a vertical position, the spirals conform 
in slope to the central portion of the let- 
ter 'S,’ and 'Z’ twist, if the spirals con- 
form in slope to the central portion of 
the letter ‘Z’ as shown in Fig 3 

In American worsted practice, regu- 
lar, left hand, or open-band twist cor- 
responds to ‘S' twist, and reverse, right 
hand or cross-band twist corresponds 
to 'Z' twist. 

Other machine details Creels are 


made m smgle-peg creels, shell creels 
and box creels Single-peg creels have iron pegs, and support the 
roving bobbin with a small cup to reduce the drag. Shell creels provide 
shells to assist the bobbin in its revolution Box creels support the 
bobbin on both ends and are held in position by means of skewers 
A horizontal traverse is given the roving by means of sliver guides, 
so that the rolls wear over a larger area than they would if allowed to 
run only in one position Usually, a traverse of 3/16 inches is used 
This traverse is reduced when thick roving is run 
Generally, two rows of carriers are employed for short wools, and 
three rows for long wools. Their relative position depends on the amount 
of short wool in the stock and, ordinarily, one set is kept close to the 
front rollers The others are spread over the ratch distance between the 
front and back draft rolls Their surface speeds are a matter of function, 
which are supplementary to the back rolls, and not adjuncts to the 
front rolls. At no time do the carrier rolls exceed a surface speed of 2 1 
over the surface speed of the back rolls The second set has a ratio of 
1 75 1, and the third set from the front has a ratio of 1 5 1. 

The lower front rolls are similar to those of the drawing machines 
m the Bradford system and are made of chilled and hardened steel 
provided with 'scratch flutes Their diameters are 3j4 and 4 inclics on 
all frames The top pressure rolls are large in diameter and are covered 
with leather or cork 

Spindles are driven in two ways' by band drive and by tape drive 
Four spindles, two on each side of the machine, are usually driven b> 
one band The bands or tapes are tensioned by weighted tension pulleys 
Tlie tapes are joined by sewing, buckle fasteners or clip fasteners 
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D} afts. The draft used in spinning is determined by the size of the 
roving and the count of worsted yarn to be spun. Best practice dictates 
a small amount of draft in spinning, altliough long drafts with good 
quality rovings processed on modem spinning frames can be worked 
satisfactorily. It is a generally accepted rule that the draft in spinning, 
irrespective of the machine used, should not exceed the average staple 
length of the roving used Draft calculations involve the use of constants 
and length equivalents For illustration, assume that 40 yards of roving 
will be used. Since there are 560 yards in one hank of worsted roving 
or yarn, and 40 jrards is used as tlie lengtii basis, a relationship or 
constant can be obtained by dividing 560 by 40, which equals 14, or 
forty yards must be 1/14 of a hank Since there are 256 drams m a 
pound, one can obtain the weight in drams of 40 yards by dividing 256 
drams by 14, which equals 18 3, and is considered tlie gauge point or 
^raft and size calculations, when dram rovings are em- 
ployed For example . If a 40’s worsted yarn is to be spun out of a 3 o 
dr^ roving (per 40 yards) , what draft is necessary? .-x 

ine following rule apphes. Multiply the yarn stse or count {W) 
by the dram roving (S 6) and divide the product by 183, which is the 
constant jor 40 yards of roving 


Hence 


40x36 

183 


= 8 draft 


If the 
case in 


e roving is weighed in grains instead of drams, as is ofte 
Ainencan imlls, a new constant must be found, as follows : 

7000 x 40.__, 

— 500 (constant) 




7,000 repres^ts the grains m one pound, 40 is tlie yard basis of 

it standard number of yards in one hank of 

Hence, to find the draft which will spin a 40’s yam from a 100 gf^n* 
multiplying the counts (40) by the gram roving, 
and divide by the constant (500) for grain roving: 

4,000 _ 

500 ~l00"~^'^ 

rnim^c calculafaons and methods can be used to find 
ounts, drafts or rovings by merely substituting the known quanti 
and solving the equation for the unknown quantity ac and 

^ dram roving to a gram roving multiply by 27 35, 
change a gram roving to a dram roving divide the former by 2 
llie constant is found by dividing 7,000 by 256 
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RING SPINNING 

Ring spinning was invented by John Thorp and patented in the 
United States Patent Office on November 20, 1828 However, its intro- 
duction to the Bradford system did not come until 1930, over 100 years 
after its invention, although it had been in almost universal use by 
cotton spinners for many years It had been adopted at least 20 years 
earher by the European manufacturers of spinning machinery for the 
French system 

In recent years there has been a defimte trend from cap spuming to 
ring spinning by Bradford system mills, and from mule spinmng to 
ring spinning by French system mills However, until recently the 
movement has been very gradual and, according to Department of 
Commerce statistics, there were about 287,880 worsted nng spindles 
in this country in 1943 A very large number of ring spindles are now 
in the process of installation 

Credit for the pioneer work on ring spinning for the worsted s>stem 
in this country goes to the 
Whitin Machine Works of 
WhitinsviUe, Mass The accep- 
tance of Whitin ring spmnmg 
machinery has been more rapid 
in Bradford system mills than 
It has in French system mills, 
although many of the latter are 
now equipped with foreign ring 
spinning frames It is now pos- 
sible to spin a bobbin of 3 inch 
diameter with a traverse up to 
11 inches, holding 12 ounces of 
yarn (Fig. 4). 

Large paclkge ring spinning 
of worsted yams will eventually 
replace small package cap spin- 
ning Coupled with long draft 
spinning, it constitutes fte only 
way for worsted spinners to 

lower their production costs. ^ ^ 

The average ivorsted cap frame , 
bobbin holds only 1 to 
ounces of yarn and the average 

net weight of 100 bobbins is Fig 4 Rng ard cap spj- packagea 

but 7 pounds while, with a coniparcd. 






Fig S High speed, large package BW worsted ring spinning frame by ^^'bltln 

(Courtesy Arlington Mills) 


7^ mch traverse and 3 inch ring, the ring frame will produce 
almost / ounces on a bobbin or approximately 43 7 pounds of 
lUU spindles There can be no question that continuous worsted nng 
spinning holds the most promise for the American worsted spinner on 
bom the French and Bradford systems 

mg spuming is most suitable for tlie production of worsted 
varying from ls-70s qualities The fact that large packages can be used 
here enables a spinner to produce long lengths of knotless yarns tor 
weaving and knitting purposes Practical experience and scientific tesB 
have definitely established the fact that tlte quality of the yam does not 
suffer in any way from the use of large \'arn packages They are pro 
ferred m many cases, because they contain only about 25 per cent or 
the knots found in cap-spun yarn 

The creeling and the drafting arrangements on ring frames are ve^ 
similar to those of the cap frame The latest Bradford system nng spin- 
ning frame is shown in Figures 5 and 6 

Pf maple of the traveler and ring The method of inserting twist into 
the worsted yam, after the roving has been reduced by roller draft to enc 
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desired size, is the characteristic which distinguishes tlie nng frame 
from tlie cap, fljer and mule After the yam lea^ es the front draw rolls. 
It IS guided tlirough a pigtail or porcelain eye centered over the spindle 
The 3'am now passes down to the nng rail which carries a steel nng, 
turned perfectly true, and concentnc to the spindle, fastened to the rail 
by a clamp The top nm of the nng is pronded with a flange around 
which the traveler rotates There are three types of rings in common 
use: 



Fig 6 Ring, tra\ cier and 
large size bobbin as<!cni- 
bly (Whiu'n). 


1 Flange nng 

2 Reversible flange nng 

3 Vertical ring 

The reversible flange nng has an ad^ antage 
over the No 1 t3T)e ring m that its hfe span 
IS twice as long The selection of the traveler 
depends on the following factors 

(a) Yarn number 

(b) Twist per inch in the 3arn 

(c) Inside diameter of the ring 

(d) Diameter of the bobbin used 

(e) Speed of the spindle 

The traveler is set in motion b3' being 
dragged around the nng b3' the 3'arn As the 
*3 am passes from the pigiail guide to tlie bob- 
bin, it goes through the tra-v eler opening, and 
then at nght angles onto the bobbin Hence, 
tlie tra\eler acts as a twist inserter as well as 
a medium ivhereby the 3 am is guided and 
w ound onto tlie bobbin The size and w eight 
of the tra%eler is governed b3' the factors 
mentioned aboie It is adnsable to select 
travelers as heaiy as thc3*am will stand w^th- 
out excessne breakage This is necessary in 
order that tlie reiolulions of tlie traicler will 
be suffiaentl3* below’ the speed of the bobb*n 
to maintain a tension on the 3-am and pcnirt 
the 3'ara to be wound onto tlie bobbin at tl’c 
same rate as it is deIn ered to the sp ndle, p^us 
the amount required b3' tlie contraction of the 
3am due to the twist- (See Fig 6 ) 

Lubricated riugs The o^h fac*o" w*'*cb 
has preiented ring sp ndle speed; fr< n I e • ' 
higher thin those on cip frames is the i- c- 
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tion of the traveler against the ring This is being overcome rapidly by 
the use of lubricated rings as well as by improved travelers. While 
grease lubrication of rings has been found satisfactory and is preferred 
by some mills, the oil lubricated vertical ring which is supplied with a 



Fiff 7 Cross-section of latest type Bradford rincf spinner 
Courtesy JVhttin Machine Works 
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now of ojI from a rc'^cr- 
%'vr Jontrd ndjircnt lo the n«|^, is 
pcnrralh ino'^e >:*ittM'nr;or> I'fot 
onl> tlors the a’liCiintiC o.hiig fev 
tnie require Jc*-** attention on the 
pir: of the oj>cn*or. hnt it also has 
she ad\annj,'e that it (hlncrs nt the 
Vital point onlj as much Itilincant 
as is required This Ins brought 
about further arccicration in spin- 
dle .speed, in some cases nii in- 
crease of 1,000 to 1,500 rp n, hring- 
ing the total speeds up to 10,000 
rpm The solution of the friction 
problem has put the ring frame 
into the preferred class of spinning 
machines In the newest acrtical 
auto-Iuhricatcd rings the frictional 
drag of the traaclcr is reduced from 
14 percent to IJ-^ percent as com- 
pared to the older type flange ring 
Improacd ring travelers are avail- 
able which arc made from beryllium 
copper (2 pel cent Be— 98 percent 
Cu) and have six times the life 
span of the regular high-carbbn 
steel travelers The life span of the 
travelers may vary from a few 
hours to a month, depending on the 
spindle speed, the size and condi- 
tion of the ring and the yarn to be 
spun or twisted For example, 
travelers used on two inch rings 



will last several times longer than 
the same travelers used on four 
inch rings under similar conditions 
Worn rings are especially detri- 
mental to the life span of a traveler 


Fig 8 French ring spinning frame 
showing front roll, yarn guide, ring 
rail with auto-lubricated rings, knee 
brakes and spindle drive details 
Courtesy Forstmann Woolen Co 


Balloon control The balloon which tlie yarn forms in passing from 
the front rolleis and the thiead board to the traveler, varies with the 
yarn tension On the old principle of the stationary spindle and travers- 
ing ring rail, the balloon changes in shape and size To obviate this and 
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prevent interference with tlie next spindle, shields are placed between 
tlie spindles Hoops are used in England to retard centrifugal action and 
help to control tlie balloon Another method is to guide the yam directl) 
from the nip of the draw rolls to the spindle top. In this case, jarn 
guides or pigtails are not used, causing the twist to go into tlie yarn 
through the top of the spind'e, and a small balloon to be formed just 
abo\ e the ring This method w as not found practical 
Another method of balloon and tension control is the Whitin patented 
reciprocating motion ivhich provides for simultaneous travel of the ring 
and spindle rails, the two rails traveling progressively farther apart 
during tlie cycle of the doff The exact ratios of this simultaneous 
traversing motion make it possible to control balloon and tension 
\ery closely A shorter rail setting is pemnssible than is possible 
with any other motion, which allows a good spin wdth a longer traverse 
This motion has been found a definite asset in spinning the finer 
rMtord j'ams The reciprocating motion is operated on square shafts 
" * roller bearings The construction is simple and its motion is steady 
an e\ en, each rail practically counterbalancing the other. 

American Bradford System nng frames usually have 100 spindles 

diameter self lubricated rings >^-inch 
deep, mcli traverse, spindle speeds of 4000-7500 rpm with 90 pf 
cent efficiency and producing 6-9 ounce packages on l/28s to l/32s 
y Under such conditions, doffing costs for Jing 
are reduced 50 per cent below those for cap frames Indirect 

cSnnJv? reduced 35 per cent. Ring frames make a 

smooth yarn that is practically knotless Doffing is necessary only once 
^ to seven times a day on cap frames 

bulk spinning frames (Fig 8) are normally 

built with 200 spindles on a side 3-inch gauge, 2-mch diameter rings 
traverse Spindle speeds up to aXX) rpm are possible on 
1/32 s with an average package weight of 3 ounces 


high draft mechanism^ 

The draft basis of flie French ring spinning frame with normal draft- 
Some ty pes of short wools will give tlie best results 
w'lth a draft of 8 to 10, while 12 to 15 may be quite suitable for the longer 
wools such as crossbreds 

The li mitations of the ordinary^ roller drafting mechanism have stimu- 

Twisting Frames (Continental System) P.uice-Smith and 
btells Ltd Keighlej', England pp 8 and 9 
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rdoij*; to tli» *-(,ojw of llic draft mcclianism as there is 

lu) dtmlii thnt undei icil im t ircuniManLcs, it ^\ould be an advantage 
to he able to work v jtli bight r di.ift*' I he fundamental feature of all 
dnlting js tihtr rontio! ant! il is not surprising to find that the secret 
nl incrc,i*-cd tlr ifts In s m the grtaltr inet-hanica! elficicncy which ensures 
rrgnhniv in tn< llo.s tn filit r- 'IIil arrangement shown m Fig 9 
fulfils thtve rcquircnunis s uisiaclonh 
A sfinll IntliiT apron runs around the front and back carrier rollers 
f2n«l nud Itli linci the iniddlt carrier roller (2nd line) acting as a 
sujijMjrt for the leather 1 lie sted top roller for the middle earner (3id 
line) js sti shghth Intk and an additional top carrier is placed on the 
leather apron a snnll distance ahead of the middle earner (3rd line), 



Fig 9 High draft arrangement diagram Courtesy Prmce Smith and Stalls 




thereby deflecting the line of drafting The 

rnnviaTnr for the fibers and helos to obtain a more regi^ • 


conveyor for the fibers and helps ^ « anmns 

15 provided for appl3'ing tension to each section of the leather p 

also means of adjustment for each indii-idual leather. lp«pth a 

Experience has shown that if the wool is irr^i^r 

mgher tlian normal draft cannot be applied with good ^ be 

^ looi-Viot- onrnn ttioiiP'h a better som is iiKcij 


the addition of a leather apron, tnough a better sp“i ^ 

obtained than with the standard drafting equipment It f 
wool IS regular in length, 50 per cent more draft than us 

applied by this arrangement with good results _ _ „j,raTit3«Tes 

It is quite obvious tliat high drafting in the spinning offers a 

such as these: 

(a) One operation in the dra\^-ing may he saved.^ because 

(b) The production of a set of drawing may be increasea, 
a hea'v ier we>ght of rowing can be used to spin tlie same 


ot \'arn 


( c) When rovings are kept for stock, lugh draft is 

a whole range of counts of yam may be spun from 
eight of ^o^^r^g merely by altering llie draft at the sp o 


operation ^ ,5^ 

hand, the addition of the high drafting 


On the other iimiU) U.1C ilUUiLiUU KJL LU.C “T. ^ . *r#»aSCCi 

a complication to the macliine requiring more attention and m 
expense because of tlie necessity of renewing the leatlier 
cally. The presence of the leathers also increases cleaning ditftcu 


VARIABLE-SPEED SPINNING2 


Varying yam tension constitutes a real disad\'antagc in 


\ axy mg yarn icusion cunsatuces a real uisau \ nackagc^ 

espeaally when running very fine counts on relatively large 
This is a mechanical <£aracteristic of the ring spinning pnn p 


any gi\ en speed, the air friction of the balloon, and the trave e ^ 
on the nng are approximately constant To overcome them an p . — 


uii uic » mg <41 c ixppiujmiiavciy v:uu:>iaiiu au uv . acting 

traveler around the ring, a tangential force of constant be- 

the travder, is necessary. This force is obtained from me ^--tti frou^ 


tween the bobbin and the traveler Because the angle of ^en- 


the smallest to the largest bobbin diameter \-aries, a 

Sion is necessary to produce the constant tangential ^^.^niuin 


keep the traveler moving (Fig 10.) This tenaonjre^es^^^^^ 


falue at ffie top of die w'inding motion when the bobbin is ^a- 

minimum at the bottom when the bobbin is full and at xjjg yam 

meter. The fluctuation in j-am tension is transmitted throng 

bvE-HoneSS®^' 


*The material in this section is taken in great part from a paper 
Pafers AATT,2, 1, p 29. 
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up to the front rolls of the spinning frame so that the twist is inserted 
under varying tension with resulting differences in quality The effect 
of this quality variation is usually not noticeable until one approaches 
the upper limit to which a given material can be spun 

Ring spinning with constant yarn tension can be attained by driving 
the spinning frame with a variable-speed motor correctly and automati- 
cally regulated. The speed must be constantly varied over the traverse 
cycle so that it will reach a minimum value at the top of the winding 
motion (see above) , and then increased to its maximum at the bottom 
of the ring rail motion A variation of the order of thirty per cent 
(figured on the basis of the average minimum speed) is usually sufficient 
to equalize the yarn tension because the balloon and traveler drag var/ 
as the square of the spindle speed Besides produang yam of constant 
quality this procedure is claimed to give an increased output amounting 
to 10-15 per cent, because of the higher average spindle speeds whidi 
can be maintained Experience has shown that it is absolutdy necessary 
for the spinner to have a thorough understanding of the theory and 
practice of variable-speed spinning to obtain the optimum result in 
quality and production 

Variable-speed spinning is usually accomplished by the use of a 3- 



Fig 10 Diagram showing yarn tension between bobbin and traveler Q^arn air 
friction in balloon Ri-traveler fnction on ring D^diameter of nng D*outside 
diameter of bobbin d-inside diameter of bobbin P-yarn tension Ft-tangential 

part of yarn tension 

Fig 11 Balloon for top and bottom position of ring rail when spinning with 

constant speed 

Fig 12 Diagram showing speed variation when working with spinning regulator. 
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phase cotnniutator motor whose brushes are shifted by the combined 
action of a basic cam which turns once per doff and a cyclic cam which 
makes one revolution per traverse of the ring lail The basic cam pro- 
vides the variation of tiie optimum speed throughout the doff, while the 
cyclic cam provides the variation from maximum to minimum bobbin 
diameter as the ring rail goes up and down (Fig 12 ) 

The latest development in the field of ring spinning is the machine 
developed by McGlynn, Hays & Co , Inc (Fig 13 ) The company is 
manufacturing a French-type worsted ring spinning frame, capable of 
producing a quality yarn from the coarsest to the finest counts, including 
those heretofore considered the exclusive domain of the mule The 
machine is built with the following features 

Htffh draft It has been mentioned before that standard French-lype 
ring spinning frames have been generally limited to a maximum practi- 
cal draft of ten Higher drafts have been made feasible by using a belt 
or apron system of fiber control Such equipment requires extensive 
maintenance and, if permitted to wear, will produce a poor, uneven yarn 

These disadvantages are overcome in this new machine by the use 
of a patented six-line fiber-control drafting field Drafts of fifteen will 
pioduce a perfect yarn, which is in many ways supenor to yarns spun 
with much lower drafts on conventional systems 

The frame is built on a 3-inch pitch with 200 spindles on each 
side, using 11-inch traverse The diameter of the rings used is 2 
inches, a dimension selected after exhaustive tests had established it 
as the most economical and practical size to produce the widest range 
of counts at top spindle speeds, with the highest yield per square foot 
of floor space occupied 

To obtain a maximum output, with optimum spindle speed, the 
frames are generally equipped with variable or spin-regulator type 
motors Spindle speeds up to 12,000 rpm are possible 

Optimum balloon length Of great importance, in the production of 
a yarn on large packages at high spindle speeds, is the necessity of 
maintaining an optimum balloon length The McGlynn Hays frame 
attains this by elevating the relatively slow-rotating fiber-control draft 
field to synchronization with the traverse This feature also permits 
the use of considerably higher spindle speeds, with complete freedom 
of vibration since the rapidly rotating spindles, driving cylinders and 
tension pulleys, are rigidly mounted 

Individual drive for each side The use of an individual drive for 
each side of the frame permits the production of two completely dif- 
ferent yarns on the same frame, simultaneously It also allows for 
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wViiIp?!, and adjusting, on either side of the machine, 

T'l, ^ remains in complete uninterrupted operation 

br^k-ring type, tape-driven and equipped 
^ ^ails are made of 

whtrVi ie’ angle-design aluminum alloy. A gear box, 

chanp-#. r*.w*?*^ machine, includes a quick- 

are wiHpIv^ required direction of twist. Ball bearings 

are widely used throughout the machine 


WORSTED MULE SPINNING 


or intermittent worsted spuming prevails, as yet, pn- 
Sh i7not used at Jl m the 

FSrworS.H vaJL ^ m this country. (Table 1.) 

RTMnno.. * P’ mule spinning is far too costlv to allow a French 


For wo^h T^ wo/sted mills m this country. (Table 1 .) 

spinner to comn#.t’ *s far too costly to allow a French 

mule makes an a Bradford spinner. However, the worsted 

^rpassS^^,^! a full handling quality not easily 

" f ^°«teds from Austrlhan wools ^ 
mtermittentlv anH ‘^^®^*^‘”g»*-''^^stmgand wmdmg-onarep^ornied 

fr^S^ heretawlT the case of flyer, cap and ring 

land, a^ «throsk» sSng'^fr^ef especially in Eng- 



S 4 Sectional view of worsted mule, showing its mam parts 
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Drawing is accomplished by a set of five rolls — back and front set 
and three carriers — of small diameter, i e , roller drafted- and in that 
respect different from the woolen mule 

The distance between the various rollers or shafts should be approxi- 
mately 80% of the length of the bulk of the fibers in the wool to be 
spun An exception must be made with very short or very long fibers 
since the setting may become impossible because of construction 
limitations 

Example The bulk of fibers of a certain top are 3 indies long Eighty 
per cent of this equals 2 4 inches , therefore, the distance between the 
roller centers will be as follows 

1 Front roller and middle carrier (1st and 3rd hne) 2 4 inches 

2 Middle carrier and back carrier (3rd and 5th hne) 2 4 inches 

3. Back carrier and back roller (4tli and Sth hne) 2 4 inches 

Twisting and wmding-on are effected by spindles mounted in the 

rail of a carnage, which travels 60-64 inches from the rolls in one draw. 
Twist IS run into the flat ribbon of roving as it leaves tlie drafting rolls 
Inclined or tapered spindles are used to insert the twist, because tlic} 
permit the roving to slip over the spindle tops These spindles are driven 
by cylinders in the carriage which are driven by a rope from tlic rim or 
mam shaft The yarn is completely formed when the carnage readies 
the end of its outward journey and has all tlie twist required \\nicn tliat 
point IS reached, the yarn at the top of tlie spindle has to be rcmo\ ed 
and, for that purpose, the spindles are reversed for a few turns, know n 
as backtng-off At this time the faller wires come into play, taking up the 
slack in the yarn and governing the tension while the yarn is wound 
and built upon the spindle or the paper tube or wooden bobbin Tlie 
duration of the backing-off is largely determined bj the size of tlie cop 
or yarn package 

The winding-on starts at tlie top of the bobbin and descends qtiicklv, 
thus forming a tight binding layer The winding faller then gradualh 
ascends and then winds the yarn up the chase of the cop, as the cirn.'igc 
returns to its original starting position in front of the draw rolls 

The mechanics of the worsted mule arc \cr) simihr to tho<-c of the 
woolen mule (See p 483 ) 

NEW AMERICAN SYSTEM OF WORSTED SPINNING 

The so-called ylincncait Syter. of wor'tcd 'ip.nin.’i’ wJ.trh re- 
cently been introduced b\ thc’Wliiiin ^^^chme V. c-J s o'.’rro si*- 
of that companN's work on machincn for ■'isp’e -r.y'r- 

As this new s^'ctcm cannot be i*ce<i to p-oce'* filerr 
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ceitom System, although 

Botli tlip ovn”*^?^ cotton system of spinning, 

lavon fih/'ic: iinf spinning frames were built originally to handle 

had to be new dressing frames 

ivstem w.. e.Zr^ to process worsted tops successfully. The entire 

mum stanJe leiS-Jlf nf^A quality worsted tops with a maxi- 

It IS estimated that containing from 2 to 3 percent of oil 

III oDcration hv th/. o 100,0(W spindles of this system 

about 18 000 r^n represents an annual capacity of 

Sdmona:i ^ Por week basis. An 

p escntly being installed, the American system is as follows ; 


RELATION OF SLIVER-WEIGHTS, DOUBLINGS AND DRAFTS 


1 

2 

3 

4 

5 


OperaUon 
Breaker drawing 
Inter drawing 
Finisher drawing 
Roving 
Spinning 


Do«Wj»^^ Drafts 


1 

5 or 6 
5 or 6 
1 
2 


Total doublings SO or 72 


S 

5 or 6 
5 or 6 
8 to 24 
Up to 14 


-Weight of Sliver — - 
Used Delivered 

250 gr 50 gr 

SOgr. 50 gr 

SO gr. SOgr 

SOgr. 2-6Wstdct 

2-6 Uptol/40s 


frame has been metallic roll, four delivery head drawing 

per yard and coil it in ^<2duce the standard top ball to 50 grains 

eliminate all twist and special precautions having been taken to 
undertaken m this operatioC*”^^^ electricity No doublings are 


^ 

mg frame is sixmlR^nih ^ uietalhc roll, four deliveiy head draw- 

mechanism Fiveorsixcam^f^^^tu^f^'^'”® except for its creeling 
on/.v. 1 — j . .. , ?^us from the breaker drawing are put up briimd 

■ of five or SIX The resulting 50 gram sliver 


e^chhTdanV^vTnTdTafto^^^^ 

IS again coiled in a can (Fig iS)® The resulting 50 gram 

tion Drawing This is an exact repetition of the previous opera- 

that there^K noattemn^S^ drawing frames, it should be pointed out 
or twist and that th#» fibers during drafting with pms 

fixed as 10% inches Wh^i between the front and bade rolls is 

• en fibers are used whose mean length is greater 
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Fig IS LW Intermediate drawing trame, roll deUiIs 
Courtesy Whtttn Machine JV orks 


than 3l4 to inches, one of the intermediate rolls may be re- 
moved without adversely affecting the sliver evennKS In general the 
draft distribution, back to front, is 1 31 x I 60 x 2 40, and the front 
loll speed is 100 feet per m nute, although speeds as high as 170 feet 
per minute have been achieved with good results At 100 feet per minute 
and 85 per cent efficiency with 50 gram sliver, the production is 12 
pounds per hour The cans are 12 inches m diameter and hold about 
12 pounds of sliver when full 

Rovinq The roving machine is a cotton t>pe, cone dn\ en flyer frame 
with two drafting fields separated bj quarter turn plates so that the 
slner enters the second field standing on edge The back drafting section 
consists of two lines of m >nch bottom steel rolls with cuchion-co^ ered 
top rolls The front section contains an impro\ed double apron, long 
drafting system with a gear-driven top apron roll to a\oid any possi- 
bility of slip This frame comes m any of the standard sizes, the most 
DODular beinir 120 snindles 8 v 4 v 7 inches on xvhich roving of from 
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900 rnm couiit cRn be made The spindle speed is from 750 to 

eJSS a tnfaf contains about 15 oz. of material For 

used to nrnrlii!i section and S 4 in front) is 

duction S of 50 gram sliver Pro- 

sneed i«; ahnnf n at 85 per cent efficiency and 750 rpm spindle 

speed IS about 0 3 pounds per spindle hour (Fig 16 ) 



2>^ inches^oil hibncated^nn??^”^^^^ of ^ ^oohes gauge and 

beam it is essentiallv a cf an 8 inch traverse Up to the roller 

with gear dnven anmn !' 'iT ‘’“'8" It is a double apron drafting 
7 mch« diviS I''' front section The total ratch is 

apron roll to back roll I" ^'tween front toll and apron roll anH 
spindle The i-nnYuvat ’ ends of roving are put up behind eadi 
of 1 3 m the back «;prH ^^ooininended is 14, with a break draft 

front section SnmHlp ^atance under apron control m the 

oni section. Spindle speeds up to 7200 rpm may be run, depending 
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on tlic yarn count and twist Efficiency of 92 per cent is claimed on 
l/36s worsted, with an a\ciage end breakage of 25 to 35 per 1000 
spindles per hour (Fig 17) 



17 Whitm long draft spinning system WhrUn Mcchne Works 


Among the advantages claimed for a/te^dlars per 

considerable saving in labor cost, comdie mill (2) the. 

pindle per year on a two shift basis for a 4000 spmdle miU , ^ me 
louble apron drafting on both the roving and spinning frames provide 

uperior fiber control nwhe necessity for highly uniform 

The disadvantages include (1) me n , ( 2 \ difficulty 

-orsted tops becaSse of the small number "f ^oublmgs am™ V 
f b'endmf colors because of the malU^b^ oHoubm^^Cd^^^^^ 
f flexibility, as only tops of certain rather y 

an be used 
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OTHER WORSTED SPINNING SYSTEMS 

In addition to the American system there are a number of other 
systenis under development for the spinning of all virorsteds and blends 
lereof on a simplified basis, having for their purpose the reduction of 
necessary to produce yarn from standard tops, 
ihe baco-LoAvell Shops, for example, have developed m the last 
years, new roving and spinning machinery suitable for incorporation in 

moving frame (Shaw U S. Patent 
6d6,^2) is an example (Fig 18 ) 









I 





Fig 18 Adjustable Model Z Roving Frame with Rolls Open 


® ® —Knurled middle and 1 

C and C— Cushion top rolls, I 5/ 
diameter ' ' 


D— Control rolls 
E — Apron 


F — ^Nose bar 
G — ^Tension pulley. 

H— Z-Type Saddle and stirrup si$sc 
bly . 

I — ^Adjustment for roll stand 
J and y — Combination top clear 
K — ^Bottom clearer. 
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1 lie dislmclivc unit of this diaftmq; unit is Ihe loll assembly Three 
top rolls work in conjunction w’llh four steel bottom rolls The first, 
tliird, and fourth line of steel rolls are the conventional design with 
special fluting to assure a posituc giip for the draft of the strand as it 
diminishes in si/c during its passage thioiigh the assembly The second 
roll IS a plain, unfluted roll 

An inspection of the section shows that the drafting operation takes 
plwe in two consecutive but sejiaratc rones as follows 

The back or brcak-drafl rone extends from the nip of the bark rolleis 
to the nip of the large top roll w'lth the third bottom roll Here the strand 
>sgi\en a substantial diaft w'lth a loosening of the fibers, which removes 
the hooks and hairpins As the strand leaves the back of breakdraft zone, 

>t enters the second or final dialling rone, which extends from the nip 
of the third bottom roll and the second top i oil to the nip of the front roll 

In the final draft ing zone, the orthodox middle rolls of the usual three- 
roll frame have been replaced by the assembly shown, consisting of the 
arge top roll, the small second bottom roll, and the regular-size third 
bottom roll The large top roll is positively driven through frictional 
contact with the third bottom roll and, at the same time, spaced from 
the second bottom roll by means of collars on the ends of the top roll 
With this arrangement the roving is gripped firmly at tlie bite of the 
large upper roll and the third lower roll for drafting and, without the 
Use of belts or aprons, a regulated slight pressure is supplied between 
the large upper roll and the second lower roll during the draft, contribut- 
ing materially to the uniformity of the roving With this assembly a 
draft as high as eight may be effected successfully without impairmrat of 
quality on long-staple fibers of vaiying lengths and blends 
ui combination with the back draft, can produce a front draft as high 
as 24 


Spinning Frame The roving produced on the previously described 
roving frame can be processed on the Saco-Lowell model Z-2 spinning 
frame The chassis of this fiame is exactly like a standard cotton 
spinning frame but above the roller beam it is equipped with a high 
draft mechanism using leather apions as described previously under 
fiigh Draft Mechanism 

Twisting or Folding 

Since all types of spinning machines produce only single worsted 
yarns, it becomes necessary to fold or combine two or more yarns of 
the same or different count or character to make a stronger mr^d, or to 
obtain special or novelty effects They are known as doubled, ply or 
twisted yarns, and serve many special purposes 



616 


American Wool Handbook 


^dachinery used. The machineiy used in this department of a spin- 
depends largely on the extent to which this work is done 
and whether It is done for customers or for the mill’s own w’eawng 
department Because of greater demands for fancy or novelty twnsts 
IS ^rticular branch of the w’oolen and w'orsted industnes has grown 
consi erably and is more commonly done by special plants, which are 

w’ork The varying requirements of the dif- 
n randies of the textile trade demand a wdde range of machiner}' 


Winding to Change Yam Package 

becomes necessaiy to diange tlie spinning package to some 

or skem^fnr spinning or twisting package into hanks 

It has to t to%e dyed b3^he spindle system. 

famL perforated papir or metal tubes If tlie 

to use a fillintr and is on jack spools, it becomes necessaiy' 

tergal fillmo- 5 known as a carriage wander or a Unl- 
it becomes npr-Vc”^^^ shipped on tubes or cones 

to wand narallpi wanders, w'hich can be changed over 

r”Lr *<> ■' 

market worsted yearns are sold by the mills and on the 

w ould bp and differ practically' wath every mill It 

w eiehts and m ^i them all or descnbe the sizes, shapes. 

flyer hvisting mills employ cap, ring ^ 

ploied^nrim^l changed to suit each purpose Frames are em- 

combine or fold t° tnore or crepe twist into single y'ams, or 

that of tlip small ^iT putting m twist the reverse oi 

, *» ® woolen trade, twisting is done directly frt^ 


SDinninfT r> trauc, twisung is aonc uiicuiaj 

used fo^hStK ^?ave the advantage that they can 

ns are comparatii ely' simple, excciJ 


^ r o iranies have 

w hen « operations are comparati^ ely' simple, 

pecial effect y'ams such as die followang t>'pes 

1 1 


1 loop yams 

2 nub yams 

3 core yams 

4. spiral y'ams 

5. slub y'ams 
6 flake yams 


7. chenille yams 
8 ratine yarns 
9. sponge yarns 

10 crinkle ysinis 

1 1 combination twists 

12 mixture twists 
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The above all require special twisters or attachments to ordinary 
twisters They involve differences in tensions, intioduction of nubs 
and flakes, formation of yam loops, high and low twist sections and a 
great variety of devices too intricate and numerous to be included here 
However, they form the basis of an important business, which has 
become a necessary adjunct to the manufacture of noveltj' woolen and 
worsted fabrics 

An example is shown of a device to produce nub yarns with an 
oscillating thread guide In Fig 19 the core thread 1 is delivered by a 
pair of rollers A directly to the spindle at a constant speed Th^ovelty 
thread 2 is delivered from a pair of rollers B over to guide bar C, down 
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through a thread guide D, joining core thread 1 at this point The 
thread guide D is part of the oscillating arm E, whose up and doiin 
mov^ient is controlled by a rotating cam F The spnng G keeps the 
arm n m constant contact with the cam 
The downw ard speed of the stroke of arm E is close to the deliveiy 
speed of >arn 1, therefore yarn 2 is wrapped around yarn 1, forming a 
nub During the upward mo\ement of arm E, thread 2 wraps itself 
around core yarn 1 in a steep spiral The size of the nub, as well as the 
spacing between the nubs, depends on the delivery speed of both yams 

as well as the shape of the cam 


Twist Setting and Yarn Conditionmg 

Kewlj-spun single woolen and worsted j'arns, especially tliose con- 
^tra, 1 e , more than ordinary twist, and pbed yams and 
required for knitting and for warp or filling purposes, 
ve a endency to snarl, curl-up, untwist and kmk when tension on the 
rei^sed In such cases, a twist setting operation is resorted to 
sniin purpose the “deadening of the liveliness” of tlie newly- 

curling, snarling and kinking of such yams when 
«?hnniri ^^''''Ound from their packages Newly-spun yams 

Thpv immediately but should be given a “rest period 

^ conditioning or accelerated setting process 
us methods are in common use for tins purpose. 

nj-ii j oddest method the warp or filling bobbins whicli are loosely 
where Mi*. baskets are simply wheeled into a steam chamber 

Some subjected to low pressure steam for 20 to 30 mmut« 

It throujrh ^ steam directly into the chamber, others biAble 

bins it To havc an even steamed effect throughout the bob- 

tlie newer humidified hot air be circulated In one of 

the truclrc steamer, the humidified air circulates through 

Temoeratiir*. ^"der slight pressure with the aid of a vacuum 
maticallv length of treatment are all controlled auto- 

unloading A attention being required except for loading and 

The machine signal indicates the completion of tlie cycle 

ine machine is built to handle from 1 to 6 trucks, or up to 750 lbs of 

effective^o^^nip^^^j'^^**^ introduced and has proven vctv 

''ater lnor ° ®"^V‘^ ''worsted yarns (Fig 20) It is 4sed on the 
possibility of surfF^^ ^ patented construction eliminates any 

ty Of surface wetting by particles of water falling from the 
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ceiling of the conditioner Yarn in this conditioner need not be cov- 
ered Temperature, humidity, air velocity and time of operation are 
controlled and visible charts show how the operation is progressing 
When the operating specification for any type of yarn has been ob- 
tained it is only necessary to set the control hygrometer at the proper 
point and turn on the time clock for the desired period At the end of 
the specified lime the clock will shut off the machine automatically 



Pig 20 Yarn conditioner Courtesy The Industrial Dryer Corporation 


bofe ^1^ “ ‘raveling slat conveyor or apron, on which the yarn 

ment and na <!5 ° moving conveyors by a spreading attach- 

packages are turned Between each the 
of liquid JoDlied t ’ '"suring moisture on all sides The amount 

The condmoned yam la then earned to to ddiv^f of to 
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machine, where it is placed on conve>ors or floor trucks ready to go 
to the weave room or storage room Such an apparatus can handle 400 
to 800 pounds of yarn per hour. It is know n as the Hygrolit condition- 
ing system 

Yarn Storage If }arns have been spun for stock and are not to be 
used immediately, it is w ise to store them in a special room m a cellar, 
where moisture conditions are easily maintained at 70-75 per cent 
relative humidity by means of humidifiers In any case, stored 
will come to complete equilibrium in about a week to ten days The 
liveliness of the tw'ist will be gone and it w'lll no longer be necessa^ 
to condition the yarn follow'ing storage It is advisable to cover the 
boxes with waterproof paper to prevent water condensing on walls, 
ceilings, or pipes, from dropping on the yam and causing subsequent 
stains, spots, and imperfections in the woven goods. 


Chapter 15 

PROCESSES PREPARATORY TO WEAVING 


A inER woolen and worsted jams arc spun for warp and weav- 
ing purposes, thej arc found in various kinds of put-up, on 
L spinning bobbins, twister bobbins, paper tubes, cops, and 
wooden spools of all sizes, shapes, and weights, depending on the 
method of spinning cmplojcd and into which form the j'arn has been 
put for shipment to the user. Since many weaving mills, especially in 
tlie worsted branch, do not spin their own jams and those in the 
woolen branch get some of their jams from widely difTcrcnt sources, 
within or not within their direct control, the picture is complicated 
How'ever, in w»hale\er form the j'arn is received or bought, in most 
mills It requires a rewinding process The rewinding of yarns differs 
according to the particular equipment of each worsted or w’oolcn mill 


Worsted Yam Rewinding 

Some yarn rewinding is necessary when warp yarns are subjected 
to a worsted-yarn-dyeing process The two dyeing methods arc skein 
or hank dyeing and jackspool dyeing Both are described in the chap- 
ter on dyeing 

Before dyeing by the skein method the yarn must be wound into 
hanks or skeins with necessary leases to prevent tangling and snarling 
An outside dyer will return the yarn in hanks but, if the yam is dyed 
in the mill, it must be skeined m preparation for dyeing and then 
rewound from skeins to either cones or cheeses (parallel tubes) For 
this reason a hank winder or yarn reel is found in most worsted- 
weaving plants For rewinding skeins into cones for warp, a Universal 
coning machine or tubing machine is generally anployed on yarns 
for warp purposes This applies primarily to plied yarns, as fine single 
and highly twisted worsted yarns are rarely skem-dyed The size of 
me packages depends largely on what equipment is used in the warp- 
ing department and what size the yam creel can hold The tendency 
of course, is toward large cones and cheeses to assure a yarn supply 
of standard numbers for a long period without replacement. On 

621 
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sample warps, the yarn lot is divided so that a predetermined number 
of ends can be used on the warpers, if that method of warping is 
employed Some mills even rewind onto wooden-head spools of 5 to 
6 inches diameter, but the tendency is toward cones and cheeses to 
get away from the tension factor m unrolling spools 


6 




r 


Fig 1 Empty metallic jaclcspool showing perforations 



Fig 2 Full metallic jackspool with dyed yarn 
(.Courtesy Franklin Process Co ) 


On fine, single, and dyed worsted yarns for warp purposes, the 
jackspool method is preferred by many mills Here, the yarn can oe 
wound into two different forms, both being extensively used 
ing to how a mill is equipped The yarns are wound from cops, do 
bins, spools, paper tubes, or cheeses onto a perforated and hollow cor 
QFig 1) double-headed metallic jackspool usually 32J^ or ^ tne 
ong with heads of 11 inches diameter and a core 6 inches in . 

buch spools (Fig 2) contain forty or forty-eight ends of worste 
yarn and are wound in preparation for dyeing by this method / 

of 60 to 120 yards per minute, varying 
hp After dyeing and drying, these spools can 

£ d directly in the making of warps by the section or reel n^c , 

warn ''''^^cping and to some extent in the warping of wors 
warps by beam warping 
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Fig 3 Winding on and off of metallic jackspools 
( Courtesy Franklin Process Co ) 


A second, but less common, method is that of dyeing worsted warp 
yams in small package form These packages are usually 3 or 6 inches 
in height and about 4 % inches in diameter, depending on the yarn 
size Very fine yarns are put on 3-inch packages weighing about 8 
ounces each For all other counts, the 6-inch package is used, holding 
about a pound of yarn The core of the package can be a metal spring 
covered with a knitted cotton jacket or perforated plastic tubing On 
this core a full complement of yam is wound with a moderate tension, 
so as not to create too hard a package, which would make it difficult 
for the dye liquor in the vacuum-dyeing machine to penetrate the 
yams These padres, after dyeing and drying, can be used ffirecUy 
in the warping cred m both beam warping and section warping, in 
the case of woolen yams, by putting skewers into the cores and 
rotating them while unwinding or without rotating by unwinding 
thetn overhead, the latter being generally preferred This method 
eliminates an extra rewinding of ffie yarn, which should be avoided 
as far as possible on fine, dyed yams Carpet yams and other coarse 
woolen yams are generally not dyed in this type of package, nor are 
lofty kmtting or embroidery yams 
Single worsted yam for many years was almost entirely spun on 
mp frames and the typical bobbin was either a double-headed bobbin, 
1 ^hout 1J4 to 2 ounces with a warp wind, or a single-headed 
bobbin, holding about the same amount with a filling ynnd In recent 
years, however, more worsted spinning has been done on rings and 
many of the old cap frames have been changed to ring. The bobbins 
arc made considerably larger, anywhere from 4 to 7 ounces 
Single yam for the knitting trade was wound directly from the 
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spinning bobbins onto knitting cones Where yarn was used for filling, 
It was generally wound directly from the spinning bobbins onto a 
loom bobbin In a few cases, the yarn was spun directly onto the loom 
bobbin 

When two-ply yam was made, the old practice was to^ put two 
single bobbins on pegs of the twister and run down to a twister bob- 
bin The usual arrangement is to run down two 2-ounce bobbins onto 
one 4-ounce twister bobbin If the two-ply yam was used for knitting, 
it was wound directly from the twister bobbin to the knitting cone or 
it might be run into a skein and dyed and wound from the skein to 
the knitting cone Two-ply filling yarn was taken directly from the 
twister bobbin to the loom bobbin If used for warp, it was usuallv 
wound onto a cone and then a number of cones set in a creel and 
wound onto a forty- or forty-eight-end jackspool, which was put up 
onto the dressing creel 

The introduction of automatic cone winders and automatic quillers, 
together with a much more economical method of slub dyeing, has 
brought about a change in these procedures The automatic traveling 
spindle cone or tube winder (Fig 4) has also affected this routine 
On the automatic winder one operator can produce three or four 
times the former amount, hence the winding operation has been 
brought down to a low cost The trend is toward ring spinning on 
larger bobbins in order to reduce the winding cost of previous methods 
Automatic winding however, has brought the winding cost per thou- 
sand bobbins so low that it is not necessary to use such large bobbins 



Fir 4 Automatic traveling spindle cone winder (Courtesy Abbott Machtne Co ) 
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and rings with the consequent loss m spinning speed and poor spin- 
ning A good compromise on the factor of spinning cost, doffing cost, 
and winding cost indicates that a 4-ounce bobbin is the maximum 
desirable Even a 2-ounce bobbin can be wound so cheaply that the 
advantage of larger bobbins is unnecessary This applies both to single 
and two-ply yarns 

On these machmes, the operator sits or stands at one end, picks the 
bobbins out of a large supply hopper, drops one into the magazine, 
and brings the thread close to a suction ring that thereafter holds the 
thread When the full package comes up to size, it is slipped off the 
spindle and replaced by an empty It takes very little skill to do this. 



Fig. 5 Automatic quiller (Courtesy Abbott Afachme Co ) 
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all of the other operations previously done by the operator having 
been eliminated ; putting the bobbin on the peg, finding the end of 
the package, tying the two together, and threading them into the 
tension and club catcher are all done automatically 
The automatic quiller (Fig 5) runs in a similar fashion The einpt> 
quills are first put into a box on the floor and are then hoisted up 
into a large hopper that can hold 3,000 to 4,000 bobbins Thereafter 
the quills are pi^ed out of this hopper, arranged m order, and auto- 
matically fed down through chutes or slides to a bobbin-changing 
device that drops out the full-wound quill and inserts an empty quill 
as the winding units pass by The full quills are delivered into one 
or, in some cases, where several lots are run, into four different 
bobbin boxes The only work required of the operator, is to tie m 
full cheeses or cones as a supply package and to piece up an ocra- 
sional broken end One quiller of a suitable lengtli to wind one bob^ 
in one circuit around the machine will produce an average of l,vwJ 
to 1,200 bobbins per hour. It is entirely possible for one operator to 
run two machines, although where there is much changing of lots 
and counts, one operator runs only one machine The production is, 
therefore, at least 1,000 to 2,000 bobbins per hour per operator and, 
as these quills usudly run about 10 per pound, the production per 
operator will average about 120 pounds an hour runmng one machine 
or 240 pounds an hour runmng two machines. This compares to a 
production of 250 bobbms an hour run on the former stationar> 


spindle filling winder, 

Slubs on worsted yam are an important factor in winding and vaiy 
greatly between different mills, even in the same mill, depeiming on 
how clean the y&rn is made and how close the slubbmg must b^ 
for the particular fabric in mind The slubs to be taken out will 
from ti \'0 to ten per pound, whereas the spinning bobbins, 
above, mil run from four to ten per pound, hence the nuniber o 
knots t^d on the single yam winders to take out slubs may 
as much or more than the knots tied to tie in fresh bobbins This i 
always a factor to be taken mto account in figuring winder , 

Slubbing of worsted yam has always been a problem The us 
prachce m former times was to run the two-ply yam onto a dress 
spom at a very slow winding speed and while looking over the s ee 
Y.^brteds, stopping the machine frequently to pluck off or 
siUD. On two-ply j^am it is desirable to dean the slubs out oi 
single yam, tying m a small single knot which need not then be buri^ 
out of die goods. With previous methods of winding, this 
e^ensi-^ a method, but by using automatic -winders, the new b°b 
can be tied in and the stub can be removed at such a low cost 
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preference today must be given to the cleaning of the yam on the 
winders The dresser spooling operation can then be eliminated en- 
tirely so far as smgle yarn is concerned Either single or two-ply yam 
for filling can be taken directly off the winders and put on the auto- 
matic quillers In similar fashion, the two-ply yam can be taken off 
the winders and put in over-end creels for high-speed dressing or can 
be run onto dresser spools at high speed without any inspection. 

On the woolen system, much of the new spinnmg is on the large 
ring-spun frames, giving about a 12-ounce bobbin, or, in some cases 
a giant mule-spun bobbin. In either case, it hardly pays to wind the 
yarn onto packages ahead of warping A magazine tail is left and 
these large spinning bobbins are put directly in an over-end warping 
creel On woolen filling yarn in similar fashion the large spinning 
bobbin can be put direct- 
ly on the automatic quiller 
and the loom bobbins 


Woolen 

Yam Rewinding 

Woolen yarns are gen- 
crdl)r supplied on mule 
bobbins, since most of 
tlic woolen yarns in the 
United States are spun 
on mules Woolen yams 
are generally reivound 
"arping from these 
bobbins to jackspools of 
fortj or forty-eight ends, 
or both, by a machine 
knonn as a ujrp spooler 
or jackspooler (Fig 6). 
tt the \arn requires any 
incpcction, this machine 
pte (he opporttnitj. to B, 6 ^ i«kspooto. 


wound direct Owing to 
the relatively small supply 
packages, an operator 
runs one quiller, with a 
production of about 1,000 
bobbins per hour. 
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break out defective ends, to repair and make knots, and to appraise thfi 
yarn as to its quality and uniformity of spin There are a great variety 
of such spoolers manufactured, which might be listed as follows * high- 
frame plain spoolers, low -frame plain spoolers; high-speed spoolers, 
compression spoolers , inspection spoolers , and multiple-drum spoolers 
These spoolers are individual preferences With w eaMng-raill superin- 
tendents and their selection depends on the individual requirements 
of each mill They are explained by a prominent builder as follow s^ 
“The terms htgh-frame spooler and low-frame spooler indicate 
whether the yarn travels A-ertically or horizontally from the suppl> 
package in the bobbin stand or creel to the jackspool If the yarn 
travels to the top of the machine and then down to the jackspool, the 
machine is a high-frame spooler If the yarn travels horizontal!} 
from the supply packages in the bobbin stand or creel to the jack- 
spool, the machine is a low-frame spooler Generally speaking, the 
low-frame spooler allows the spooler tender to stand closer to the 
work, both for tj'ing in new supply packages in the bobbin stand or 
creel, and for finding and tying m ends of the jackspool 

‘ The term compression spooler indicates whether a compression 
roll rests on the yarn of the jackspool to compress the y'am and to 
build a firm, hard spool containing a long yardage The compression 
spooler generally is considered better for tender yams, as it reduces 
the strain on the ends The plain spooler with weights on the gucl^ 
eons of the jackspools is generally preferred for worsted yarns, which 
make a firmer spool than woolen yarns The compression spoolers 
chief advantages are in spooling soft, bulky yams 

Inspection spoolers, of course, are machines which serve the double 
pmpose of y'am inspection and putting yarn on jackspools They pro 
vide, m addition to the usual spooling arrangements, an area in whi 
yarn imperfections may be noted and removed during the spooling 
operation This is the logical and most economical place to remove 
taulty yarn, and the textile industry w'ould benefit from a w’lder u 
of inspection spoolers 

The term mulhple-drum spooler indicates that on this machine 
more than one j'ackspool can be made at one time, because more ends 
can be run and, in spite of lower speed, this machine gives a hi^^ 
I^oduction and at the same time a chance to inspect the yam rn 
this reason the multiple-drum spooler r^n be adopted both in wooie 
nulls md worsted mills A warp spooler may be used for yam mat 
IS used later for filling, or for twisting, or even for knitting T 
yam may be put on the jackspools only as a convenient and economica 
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put-up for shipment The five classifications made are the names 
used generally in the trade to describe the types of spoolers on which 
parts are used Further subdivisions under these classifications, such 
as plain compression roll, grooved compression roll, grooved drum, 
extension drum, quick traverse, high production, or special model 
spoolers will be self-explanatory” 

In the preparation of good warps from woolen yarn spooling plays 
an important part The whole equipment consists of a jackspooling 
machine, jack or dresser spools, and a yarn creel or bobbin stand 
The winding drum is generally 1 yard in circumference It drives 
the jackspool by friction The drum is made of wood or metal, and 
covered with leather, or made out of metal tubing and grooves cut 
in the surface for cross-winding the threads Machines with a grooved 
drum do not require a vibrator mechanism 


Compression spoolers have a heavy metal roller, of the same width 
as the jackspool, resting on the yam as it is wound, for the purpose 
of compressing it and making a firm, hard spool Compression rollers 
may be grooved or plain A spooler with a grooved compression 
roller does not require a vibrator mechanism On the older spoolers 
a clock is used to indicate the number of yards of yarn wound on a 
spool This may be a plain clock with worm and worm gear, having 


a measuring capacity of 3000 yards in one revolution, or a comoound 
clock with auxiliary dial having a measuring capacity of 90,000 
yards The newer spoolers have a direct-reading clock, or counter, 
to indicate the number of yards put on any spook 

A conditioning pan and rollers for moistening yarn, thereby re- 
^onng lost moisture, can be used with practically all spoolers and 
find considerable use on worsted yarns The conditioning pan may 
be used for putting fugitive tints on yarns for their identification 
in later processes It is a valuable accessory for this purpose 

Stop motions may be of the vibrator or rotary type, or electrically 
operated They have an individual finger for each thread and stop 
the machine quickly when an end breaks down Where the automatic 
brake is used, the stoppage can be regulated to reduce to a minimum 
the over-running of the spool 

The multiple-drum compression and inspection spooler is par- 
ticularly interesting from a production standpoint and extensively 

spooler is particularly valuable 
tir • 1 ^ and removing faulty yam before it is transferred 
Franklin packages, cones, or cheeses These 
mchines, which have a production of from 15,000 to 25,000 pounds 
per week, have reversible metal inspection boards of a contrasting 
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color on each side Tension is maintained uniformly throughout by 
a series of porceJam e\es on the creel and a sanded roller for each 
spool There is a steel compression roller for each spool, operated by 
a rack and pinion on a common shaft. Guide grooves prevent neigh- 
boring threads from overlapping. Drop fingers above the compres- 
sion rollers serve to stop the machine when an end drops out. Three 
combs or reeds sen-e to keep the ends at equal distances allowing 
perfect inspection of the yam. A variable-speed drive permits the 
spooler to start at half speed to avoid yarn breakage due to shock 
and strain They are manufactured in three types, with grooved com- 
pression roller, with plain compression roller and individual threa'l 
guides, and without any compression roller (which is used when 
there is objection to tending the yarns). When frequent changes of 
the number of ends must be made, the t\\ o latter machines are generallj 
used \ wetting pan with copper rollers for conditioning or tintine * 
of the warp are also employed Speeds up to 250 j’ards per minute 
or higher can be attained on such spoolers 

Worsted Beam Warping 


Now that the yarns ha\e been properly rewound in the type of 
put-up desired, beam warping is employed in the various mills wher- 
ever sizing (or slashing) of the entire w'arp is necessaty On staple 
(as w^I as single) ply and on uncolored (as well as colored) yams 
used for warp purposes, beam warping is of decided ad^antage be- 
cause of convenience, smaller cost, and greater productivity, as well as 
better warps On account of the relatively greater strength of worsted 
yarns this system is generally preferred by large American mills The 
equipment consists of a large V creel of wooden or metallic con- 
struction mounted on casters, that is equipped to hold large vrarp 
ODDins (in the French system), cones or cheeses and even w'oodcn- 
he^ spools depending on the yarn supply. ^ 

1 sections and will hold upw'ard of 400 

to 1,000 individual yam packages arranged in ten tiers, the end 
from ach is delivered over-end (unrolling is less desirable), the" 
through porcelain guides and. in some of the modem creels, through 
disk or counterbalanced tension devices forward to the beamer The 
^ y '’'^Ith the vertex at the beamer; in some cases a 

The single end from each yam package^ is 
all fo^ard to the beamer and passed through a reed, bnngin? 

® honzontal plane The reed is an open one m 
the total number of ends are distributed over a wddth corre- 




Fig 7 High speed warper (Courtesy Robert Remer. Inc ) 
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the beam on winch it is wound. Modern beam warpers arc equipped 
throughout with ball bearings, and also with automatic lint cleaners, 
electric or mercury stop-motion units, and silent cliam drives 
Beamers can also be pro\ ided with a reciprocating motion To build 
up a beam with a yarn sheet of, say, 800 ends, it is very important 
that the yarn is wound uniformly across the whole beam, "'dliout 
filling up on one side or slipping off on the other, and so forth The 
yarn sheet then passes over a roller down to the beam, which is 
driven by friction with a driving drum about 12 or 18 inches in diam- 
eter, on which the warper beam rests as it rotates at a constant speed, 
irrespective of its diameter. 

To avoid too high yarn speeds and consequent yarn strains in 
ing fine, single yams, for instance, cone drives or variable-speed 
drives are used today The object is to retain tlie same surface (K 
yam speed at all times, irrespcctnc of the diameter of tlie beam A 
slow starting speed is used and also a regular mnning speed. These 
devices help greatly to prevent )’arn breakage due to sudden strains 
in starting up 

The beams generally are wooden covers or barrels with cast-iron 
or reinforced adjustable wooden or steel heads about 30 inches m 
diameter Of late, wooden heads with steel bands around their ar- 
cumference are preferred by mills with cement floors Invariably 
cast-iron or steel heads crack or break when these heavy beams, con- 
taining anywhere from 3,500 to 6,000 yards of yarn, are removed 
from the warper As soon as the beam has been filled, it is remove 
and an empty one started up At a speed of 125 yards per minute it 
takes anywhere from one hour to one and a half hours to fill a beam 
of 420 ends, holding 3,500 yards of a 1/25 worsted yam. ^ 

In mills where a great variety of widths are used, such as men® 
wear and women’s wear, a changeable or expansion dmm can be use 
Unless a mill employs several warpers of different widths, tt he 
comes necessary to use expansion drums They can be adjusted o 
various widths within given limits, of course The necessity for a 
justment is readily seen when it is understood that difficulties do arise 
when warper beams are too wide or too narrow Although changea 
drums have many advantages they also have the disadvantages o 
becoming noisy and of wearing out considerably faster than so i 
steel, felt-covered drums 

Girls are usually employed, on a piecework basis, to do 
inspection They are required to inspect the yarn as it is being warpe 
and to remove faulty or defective ends by replacing them with pe 
tect yarn from single-supply spools usually strung or suspen 
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across the lop of the warper. Hence, speeds used arc generally mod- 
crate to permit this \vork to he done thorougldy. The operator stands 
m front of the warper, usually with her Inck to a window to gne 
the best lighting possible, if overhead or saw-tooth lighting 
available. An experienced warper operator Ciin warp about 28,000 
yards in an eight-hour day on l/25s worsted jam, 420 ends to the 
beam Such a warper beam would weigh close to 150 pounds, and 
beam doffing dc\nccs provide for easy doffing of these heavy beams 
Warpers arc generally arranged in groups facing w indows and driven 
b> a group drive or by individual motors. In dry weather or on cold, 
Windy days, modern mills ha\c humidifiers operating to keep the 
surrounding air humid and to allay the static electricity that is 
created by w’orsted yams when passing o\ cr friction areas A relative 
humidity of SO to (X) per cent is generally recommended. 

Of late, in the woolen system the beam warper has found applica- 
tion in conjunction with the high-speed dresser reel and also w’lth a 
magazine cone creel In such an installation it becomes necessary to 
use an electrical control unit which will divert the power from the 
warper to the reel and, whatever operation is being run, the electric 
stop motion and lint cleaner on the machine will function This ar- 
rangement really consists of two separate machines* a machine for 
reeling and a machine for making worsted warps on section beams 
There are decided advantages to this arrangement such as greater 
flexibility and production, better warps and weaving conditions 


Worsted Warp Slashing or Sizing 

When a sufficient number of beams of a given number of worsted 
have been warped, they are stored on the floor m readiness 
^he slasher, behind which a number of them are combined to 
niake up the total number of ends required in any warp. On account 
^heir great weight they are generally stacked or creeled hori- 
wu 1 with lighter beams they can be creeled vertically 

While the upright beam creel saves floor space, it requires overhead 
cranes and pulleys to lift the beams into place The common method 
IS to stack them horizontally as shown in Fig 10 The backbeams, 
as they are called in American practice, in one set should be of the 
same width and should all correspond to the width of the loom beam, 
on which they are wound after slashing and drying When there is a 
itierence in the width of the individual backbeam, the widest beam 

^ placed nearest the slasher and the narrowest toward the 
end of the row of backbeams 
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Object of slashing Woolen and worsted yarns are sized or slashed 
with the object of laying all the surface fibers on the }’arn, making 
the yam more compact and smoother, while also strengthening it, 
so that It IS better able to withstand the chafing and rubbing action 
of the heddles, harnesses and reed m the loom This does not mean 
that all woolen and worsted yam need to be slashed, but with auto- 
matic, high-speed looms coming into more common use, it will be 
more than ever necessary to slash warps In this connection it might 
be said that fine single worsted and woolen yarns are sized at the 
present time A yarn of long wools is less likely to require sizing 
than one made from short wools Nevertheless, yarns made from 
crossbred wools often develop hairiness and much surface fiber, espe- 
cially if spun on the Bradford system or cap spun, so that slashing 
becomes necessaiy' for such reasons alone In addition, yarns gen- 
erally snarl and entangle in the loom causing ends down If a yam 
IS very uneven or weak, as is the case with many woolen 3 ^ms, sizing 
IS invariably necessary Then again, twist must be taken mto con- 
sideration Up to a certain point, twist will strengthen a 3 ram, but 
after that peak is reached it loses in strength considerably. When 
twist does not serve the purpose or is undesirable, the yam has to be 
sized Ply yarns or heavy soft-twisted yams, while not generally 
sized, are sized when they go into fabrics dosely set in the warp (o** 
heavily sleyed,” as some designers call it) Also where the goods are 
designed to take a high pickage in the direction of the filling, it be- 
comes imperative to size thoroughly even with favorable warp yam 
or weaving conditions 

The process is of considerable importance since much depends on 
the slashing of worsted and woolen warps and the benefits to be de- 
rived in the weaving of such warps Hence, skilled man-labor is 
requyed in this department as w'ell as equipment flexible enough to 
satisfy all the needs of the weave room Because woolen and worsted 
yarns develop static when subjected to friction during weaving, 
sizing often serves to condition the yarn, i e , to supply sufficient 
moisture to set all twists and to prevent the yam from going to flie 
w^ve room in too dry a condition If yam is too dr)' during weaving, 

It becomes too lively and consequently, snarling or bunching result 

Operation of the slashei, Worsted-Avarp slasher-s or sizing ma- 
types. (1) drum or cylinder slasher; (2) dryn^ 
bot-air slasher Both are in use in American mills, and, 
e tw'o, the hot-air slasher is probably the more commonly em- 
a k " worsted-Avarp slashing The machines generally consist of 
box Avith immersion rollers, a drying chamber oirsenes of can 
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wh>c}i produce’s ihc wc,i\'cr*fi 
bcani. rcnii> for the Jwtn, 

Af{<r the ncccs«,iry number 
of bnck be.nms from ihc w.irpcr 
Jin\c been a‘'^tmbk(I 5n their 
proper placed in the beam stands, 
the yarn ‘:hccl< from each lieam, 
by pas«iinp under and o\cr one 
another, arc combined into one 
iinRle «;htct. Some mills put this 
sheet of yarn through a reed 
or comb to bring it to the actual 
width required as ucll as to 
spread or space the yam cvcnl> 
across this width In this form 
the sheet is taken beneath one 
or two pair of copper immersion 
rollers, which operate in the 
heated sire solution of a sire 
box. From the size box it passes 
through a pair of squccrc rol- 
lers, generally made of rubber, 
which serve to nd the >arn of 
excess sire solution Flannel 
coverings that arc used on the 
rollers to reduce the sharpness 
of the nip must not be allowed 
to become glazed or hard, which 
would have the undesirable ten- 
dency of flattening the yarn 
The yarn now passes through a 
drying chamber or over a small 
and a large drying cylinder m 
the manner shown m Fig 8 
These cylinders serve the pur- 
pose of drying the sized yarn 
sheet as rapidly as possible It 
IS generally found advisable 
to use two cylinders, as the 
speed of slashing depends 
upon the ability of the ma- 
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Object oj slashing Woolen and worsted yarns are sized or slashed 
with the object of laying all the surface fibers on the yarn, making 
the yarn more compact and smoother, while also strengthening it, 
so that It IS better able to withstand the chafing and rubbing action 
of the heddles, harnesses and reed m the loom This does not mean 
that all woolen and worsted yarn need to be slashed, but with auto- 
matic, high-speed looms coming into more common use, it will be 
more than ever necessary to slash warps In this connection it might 
be said that fine single worsted and woolen yarns are sized at the 
present time A yarn of long wools is less likely to require siz ing ^ 
than one made from short wools Nevertheless, yarns made frotp 
crossbred wools often develop hairiness and much surface fiber, espe- 
cially if spun on the Bradford system or cap spun, so that slashing 
becomes necessary for such reasons alone In addition, yarns gen- 
erally snarl and entangle in the loom causing ends down If ^ 

IS very uneven or weak, as is the case with many woolen yarns, sizing 
IS invariably necessary Then again, twist must be taken into con- 
sideration Up to a certain point, twist will strengthen a 
after that peak is reached it loses in strength considerably Whe 
twist does not serve the purpose or is undesirable, the yarn has to be 
sized Ply yarns or heavy soft-twisted yams, while not generally 
sized, are sized when they go into fabrics closely set in the warp 
heavily sleyed,” as some designers call it). Also where the goods are 
designed to take a high pickage in the direction of the filling, it be 
comes imperative to size thoroughly even with favorable warp ynrn 
or weaving conditions. 

The process is of considerable importance since much depends on 
the slashing of worsted and woolen warps and the benefits to be oe 
rived in the weaving of such warps Hence, skilled man-labor is 
required in this department as well as equipment flexible enough 
satisfy all the needs of the weave room Because woolen and worste 
yarns develop static when subjected to friction during weaving, 
sizing often serves to condition the yarn, i e , to supply sumcien 
moisture to set all twists and to prevent the yarn from going 
weave room in too dry a condition If yarn is too dry during weaving. 

It becomes too lively and consequently, snarling or bunching resu 

Operation of the slasher Worsted-warp slashers or sizing ui^ 
chines are of two types (1) drum or cylinder slasher, ( 2 ) drying 
hamber or hot-air slasher Both are in use in American mills, ana, 
ot the two, the hot-air slasher is probably the more commonly em- 
; slashing The machines generally consist ol 

box with immersion rollers, a drying chamber or" series of c 


Fig 8 Common arrangement of modem slashing equipment 


dryers, split rods, and a beamer, 
which produces the weaver’s 
beam, ready for the loom 
After the necessary number 
of back beams from the warper 
have been assembled m their 
proper places m the beam stands, 
the yarn sheets from each beam, 
by passing under and over one 
another, are combined into one 
single sheet Some mills put this 
sheet of yarn through a reed 
or comb to bring it to the actual 
width required as well as to 
spread or space the yarn evenly 
across this width. In this form 
the sheet is taken beneath one 
or two pair of copper immersion 
rollers, which operate in the 
heated size solution of a size 
box From the size box it passes 
through a pair of squeeze rol- 
lers, generally made of rubber, 
which serve to rid the yarn of 
excess size solution Flannel 
coverings that are used on the 
rollers to reduce the sharpness 
of the nip must not be allowed 
to become glazed or hard, which 
would have the undesirable ten- 
dency of flattening the yarn 
The yarn now passes through a 
drying chamber or over a small 
and a large drying cylinder in 
tlie manner shown m Fig 8 
These cylinders serve the pur- 
pose of drying the sized yarn 
sheet as rapidly as possible. It 
IS generally found advisable 
to use two cylinders, as the 
speed of slashing depends 
upon the ability of the ma- 
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terial to be dried rapidly When a drying chamber is used the 
warp passes back and forth over heated steam pipes in a glass or 
metal enclosure 10 to 12 feet m length Space is the deciding factor 
in the choice of the slasher used Steam gauges, reduced valves and, 
m some cases, temperature controllers are employed to regulate and 
obtain the greatest efficiency m drying A pressure of 4 to 9 pounds 
of steam is maintained in the cylinders Some mills employ fans in 
the dr)nng chamber and under the cylinder machine to aid in the 
drying and cooling of the warp yarns after they leave the heating 
elements Naturally, the more ends there are in the warp or the 
heavier the size on the yarns the slower the drying and the production 
in sizing 

The sheet of yarn now reaches the split or separating rods and 
the measurmg roller The purpose of the split rods is to separate or 
divide the individual sized warp yarns that adhere or cling firmly to 
each other after drying Numerous smooth rods are used here, de- 
pending on the degree of sizing done, the number being largely left 
to the discretion and judgment of the operator Usually he uses one 
less than there are back beams in the set In well-managed mills the 
round steel rods vary in diameter, the larger diameter rods being 
placed first and nearest the cylinder or heating chamber An ex- 
pansion comb, similar to that used in the warper, completes the 
separation of the ends and provides for delivery of a yarn sheet 
of the exact width that is required in the loom The yarn then passes 
over a solid iron roller and around a larger tension roller and ® 
second solid iron roller down onto the loom or weaver’s beam The 
tension roller serves to add tension to the yarn at this point in order 
to build a solid and compact loom beam By wrapping layers of cloth 
around the large tension roller, the tension on the warp can be in- 
creased or decreased at will 

The purpose of the measuring roller is to measure the length and 
actuate a dabber or brush, which is dipped into a liquid tint of aniline 
dye and marks the warp every 60 yards or so This serves to indicate 
to the weaver when a piece or “cut” is coming to an end, at the pom 
where he is to cut the woven fabric across the width The marker is 
connected with a measurmg dial or clock, also with a bell gear that 
actuates a bell indicating to the slasher operator the number of pieces 
or cut lengths that have been put on the weaver’s beam 

The beamer, as this end of the slasher is termed, is driven by fne- 

ion to enable the tender to apply tension as is deemed uecessaiy# ^ 
we 1 as to compensate for the constantly increasing diameter of th 
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bcRin This tension allows the winding of the sized yarn sheet to 
proceed at equal surface speeds as it is given up by the draw roller 
onto the beam, which is provided with cast-iron or wooden rein- 
forced heads The draw roller is driven positively and is connected 
by a long shaft with the squeeze rollers In this manner undue tension 
on the yarn is avoided A slow-speed drive is provided to permit the 
cutting off of laps that form around the back beams or at the squeeze 
rollers, and to permit the fixing of broken ends and the insertion of 
dividing rods at the start of a new beam 
A compression roller is used where solid and full loom beams are 
desired It is quite often desirable to get as much yardage on these 
beams as possible Also, to get a uniformly built warp which is level 
and perfectly round, a compressor is necessary This press roller is 
usually placed below the beam and is supported by two lever arms 
on which weights are placed in accordance with the pressure desired 

Importance of ststng The sizing or dressing compound and its 
composition is an important factor and much depends on its proper 
ingredients, preparation and temperature during composition Here 
a knowledge of the different fabrics, yam characteristics, and of 
sizing ingredients is essential 

Size IS not always applied to woolen and worsted yarns Some 
mills rarely make use of any sizing compound whatsoever, claiming 
that the presence of size is the cause of various troubles in finishing 
and dyeing These claims are not true when the size solution is 
properly made There can be no doubt that the application of size 
is benefiaal and actually necessary for single warp yarns in order 
to give them the strength required for weaving 
The constant chafing of the yarn in passing through the heddles on 
the harnesses tends to wear, weaken, and break the yarn In working 
forward and backward to beat up the filling the reed chafes the yarn 
harnesses On fuzzy yarns the reed will scrape 
the loose fibers from each thread and collect them in balls behind 
the reed and in front of the harnesses When these balls or bunches 
grow large enough through the constant accumulation of loose fibers 
and the warp is passed forward by the take-up, the yarn will be 
unable to pass through the reed and will break 

“ 's therefore the obiect of sizing to apply a mixture to the yarn 
that -mW glue these loose fibers to the body of the yarn, thus increas- 

resist diafing and increasing its strength 
Although one warp may be used for several different fabrics, both 
men s and women’s wear, it is impossible and impractical to change 
the size formula in every instance and for every different purpose 


638 


American Wool Handbook 


The sley or set of a cloth, how it is to be finished, what weaves are 
used, the number of picks to be inserted, the reeding of the warp 
the use of a false reed, and other factors play a large part 
Sizing equipment and ingredients The equipment necessary for 
the preparation of the size are several 115- to iSO-gallon mixing 
kettles, stirrers or mixing agitators, pails and storage space for the 
size compounds and ingredients, and a steam and hot-water supply 
as well as a pump, if the size is to be piped directly to the slashers 
In large mills a separate room is assigned to this work The size 
kettles are preferably steam- jacketed as the mixture of size is usually 
boiled and agitated for extended periods. Some mills use closed kettles 
and boil the size with direct steam under pressure , 

Three grades of sizing on worsted yarns are generally recognizer 
m American mills They are light, medium, and heavy The light 
size solutions serve where no strength is to be added to the varn 
and only a light laying of the surface fibers is required The medium 
size is probably the most common on worsted warps because it serves 
most purposes for which worsted warps are employed In the prepora- 
hon of all size solutions it is important to hear tn mind that the stze^s 
used on woolen and zvorsted warps for men’s wear and women ^ 
wear {especially piece dyes) must be capable of being completely 
t emoved in the scouring of the goods in finishing . 

There is still much secrecy and groping in the dark about wna 
ingredients give the best results in sizing For woolen and worste 
sizing there are only three essential types necessary, namdy, 

1 Adhesive substances 

2 Antiseptic agents. 

3 Deliquescent substances 

1 Adhesive agents. The adhesive agents are the most important 
and are actually the basic agents of sizing The oldest substanc 
employed for sizing is animal glue The highest grade of hide gl«e 
m n^e form is soaked for several hours in water, after which it i 
dissolved in boiling water For a very strong size on fine woo e 
yams 8 per cent glue solution, approximately 2 pounds to 3 gallon 
of water, is suitable. 

Because of the high price of the glue, various starches have f®^'^ 
wide application as excellent sizing compounds For highest requir 
ments the starches are still fortified with glue The most frequently 
used starches are com starch, tapioca, and potato starch Com 
IS the most commonly used, but tapioca is a strong competitor pe- 
cause of its lower coagulation point. In making up the size, tne 
starches are converted through a boiling process into a viscous solu- 
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2 Antiseptic aucnts Tlic addition of antrcptic ajjtnts is vcr> 
helpful and these suhstancts should be imde a part of escry si?c 
formula With perfectly drj warps there is no tlanp.cr of mildew* 
hut as soon as the warp gets damp or wet, thn^cr of mildew is present 
The presence of a fungicide cliinmatts the danger of mildew, which 
may result in serious damage to the wool filters Antiseptics suitahlc 
as preventives of mildew are thymol, resorcinol, hcla nnplithol, Itoric 
acid, zinc chloride, copper sulfate, salicylic aad, and other compounds 
known b> trade names Three to 6 ounces of any of these to each 
hundred pounds of starch is sufficient, except with Itoric aad where 
20 ounces arc needed 

3 Deliquescent substances Deliquescent substances such as glycer- 
in may be beneficial in certain sections of the country, where the 
climate is very dry, but caution must be exercised in using them in 
damp climates In woolen and worsted sizing, softening agents have 
little use, because of the character of the wool fiber When necessary, 
a httle peanut oil may be applied at the loom by running the warp 
threads over a pad tlut has been soaked in it. 

Fugifavc dyes or tints arc added to the sire solutions also to identify 
warp yams of different twists such as S and Z in crepes and coatings 


C^n warping and the old form of upright hand warping (as 
iSradford mills) are no longer employed in American mills 


in 
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The warping of woolen yarns 
for woolen goods of all descrip- 
tions and weights is generally 
done by the horizontal dressing 
frame or hackstand In this 
system the yarn is generally 
supplied on jackspools of 40 
or 48 ends, and combined to 
form sections of 560 to 670 
ends, in which each thread has 
Its proper place and each is 
parallel to the otliers These 
sections are arranged side by 
side on a large reel until the 
whole warp is completed This 
operation is known as dry 
warping Whenever necessary, 
the sections can be sized or 
dressed by threading them 
through the size pan and dress- 
er (which IS really a dryer) 
and the necessary rollers and 
reeds 

The whole arrangement con- 
sists of a spool stand, or creel , 
a dresser made up of an enter- 
ing reed, size pan with one or 
two pairs of submersion rollers, 
and a drying frame, a section 
reed on a stand, a large reel 
and a beamer The whole ap- 
paratus may extend over a 
space 23 to 30 feet in length 
and about 11 to 12 feet m 
width The setup shown in Fig 
9 IS common m American 
woolen miUs 

Creel or jackspool stand 
The jackspools, as received 
from the spinner or pre- 
pared in the spooling de- 
partment of the weaving mill 



“Fig 9 Setup for woolen warp dressing 
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(as described under worsted warping) are placed in the crerf or 
spool rack, which is made of steel or wood and can take from 32- to 
40-inch spools up to 12 inches in diameter, m the same set Weights, 
which are easily adjusted and cannot drop off, are used to apply 
tension to the spools during warping A creel may hold from two to 
eighteen jackspools, comprising up to 864 ends in all Creels are 
made in plain and adjustable types 


Entering reed and stce pan. If the warp is not to be sized, a hack 
stand or dry dresser, which is really a skeleton dresser frame, is used 
It includes holders for the gathering or entering reed, the lease reed, 
a measuring roll, a yarn vibrator, and a clock. A separate stand and 
holder is provided for the neck or section reed that condenses the 
yarn into its proper section width before it is wound on the reel The 
hack stand is not generally driven Rollers turn with the yarn as it is 
drawn through the hack stand by the large reel 
When a warp is to be sized, the yarn of a section is passed through 
the entering or tymg-in reed into the nip of the pair of squeeze rollers, 
the lower one being made of copper and termed the immersion roll, 
and the upper one being made of rubber covered with cloth With 
yarns that need sizing to a high degree, it is necessary to submerge 
the yarn in the size solution by means of depressing rollers before 
It passes through the squeeze rollers 
The size pan is steam-jacketed to keep the solution warm The yarn 
IS now squeezed out to remove excess size and then passed directly 
into the steam dresser or dryer Here, the narrow yarn sheet passes 
the entire length of the chamber, which has rows of steam coils in 
horizontal tiers to supply the heat for drying The yarn sheet in the 
dryer passes back and forth over the skeleton rollers from four to 
SIX times according to its ability to dry, and then forward over a 
guide roller or measuring roller to the neck or section reed In place 
of steam coils, there are also so-called one- and two-cylinder dressers 
where heated cylinders or cans are used in place of the steam pipes 
These serve well on yarns that are sized only lightly, whereas the 
steam-coil system is more adapted to all-purpose sizing of woolen 
yams 


Proni the measuring roller on top of the dresser, the yarn passes 
through the lease reed on top of the dresser This reed is a blocked 
reed, one dent empty, one blocked, i e , one-third of the dent is closed 
at the top and one-third at the bottom, leaving the final third open m 
the center Alternate dents are treated m this way One end passes 
through the open dent and one through the blocked dent Ahrad of 
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the lease reed is found the condenser or section reed, called by some 
the neck reed, which serves to condense the ends to the width of the 
section intended for the reel The total ends in a warp section are 
divided equally in this section reed For instance, if there are 600 
ends in a section and the reed is a number ten (having ten dents per 
inch) and the section is to be 6 inches wide, ten ends must be placed 
into each dent Uniform and equal denting is important here or the 
section will not build well on the large reel 

How to take a lease Since each section at the beginning, middle, 
and end of its length on the reel should have a lease, it becomes neces- 
sary to insert leases at these points during the making of a warp 
This IS done as follows The whole section of yam is cut, knotted, 
and hooked on the reel at the space where the section is to be laid on 
the reel It is taken in front of the section reed by means of two 
wooden lease rods With one rod, the ends near the reed are pressed 
down This causes the ends in the open dents of the lease reed to go 
below those in the blocked dents Into this shed or opening is inserted 
a rod, lease string, or cord Now the yam is lifted up with the lease 
rod so that the ends which were at the bottom will be at the top A 
rod is passed through the opening and opened out The other half of 
the cord is passed through this opening or shed and the two loose 
ends of the cord are tied together This constitutes an “end and end,” 
or single lease When this is done, the measuring clock is set and the 
directly driven reel started up 

The waip reel The modern reel is a high-speed reel that may be 
of the brass-plate-with-pins or of the pinless type The cylinder body 
of the reel is 4 yards in circumference (or even 5 yards) and is 
formed by twelve cross bars or g^rts, on each of which, touching 
the warp yams, is a solid brass plate with four rows of holes, spaced 
inch adjustment. The pm is No 4 gauge wire and 6 inches long, 
4^ inches is straight with inches bent slightly at the top The 
reel is driven by means of a top shaft and by two pulleys and belts 
on each end The driving pulley on the top shaft is so arranged that 
it can be slid along the entire length according to the position of the 
reel with respect to the section being made A brake is provided on 
i^oth sides of the reel and is used when beaming off the warp 
1 o hold the reel in its position while a section is being warped, a foot 
brake is provided on the casters Track wheels serve to move the 
^\nole reel into proper position for the making of each section Two 
groo\ed and two flat-faced wheels are provided for this purpose 
a bearings in the truck wheels allow the large reel to move very 
readi y A measuring clock that is attached on the end of the red 
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shaft consists of a single worm and se\ enty-eight tooth gear. One 
revolution of the reel, usually equivalent to 4 yards, turns the gear 
one tooth, and one revolution of the clock gear represents 312 yards 
Although the clock does not measure accurately the len^h of the 
section, it serves to get all of the sections the same length The actual 
measuring of the w'arp is done by the clock on the dresser, which 
is more accurate It requires about horsepower to operate the 
reel, depending, of course, on tlie speed, the size of the section, and 
the length of warp made 

Of late years, the pinless reel has gained in favor for obvious 
reasons It eliminates the objectionable pins and section marks on 
fine woolen yams There is a marked saving in time due to the 
absence of pins One form of this reel is known as the Rindge (high- 
speed) reel Coning device plates are used to build up the first section 
wound on the reel 

Beaming, When the sections have been placed side by side and are 
of equal length on the reel, the leases inserted and properly tied up, 
and the whole warp of the proper number of ends and width has 
been made, it becomes necessary to transfer this warp from the reel 
to the loom beam For that purpose a beamer (Fig 10) is used 



unwinding from large woolen spinning frame bobbins m 
nign speed warping or dressing Courtesy Dams and Furber Machine Co 


f^'^ard single-speed beamer or the heavy type speaa 
nSSr three-speed b^er can be used Belt drive or dired 

motor dnve can be used on the beamer To beam a warp off the reel 
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belts are loosened around the reel and friction is added on the way 
reel The ends of each section are tied in a group to a leader or cords 
on the loom beam The quantity of yam tied to tlie loonibeam should 
be kept small, so that the knot does not get too large The heads on 
the loom beam must be adjusted to the required width and tne 
loom fastened in the beamer The beamer is now started up and 
the tension on the warp adjusted by adding friction to the reel ac- 
cording to requirements In order to make a solid loom beam, a duplex 
warp compressor is employed The compressor assists in putting 
more yarn on a loom beam and m making a harder and better beam 
The pressure is equalized on botii sides of the beam and strain is taken 
off the gudgeons and the yarn The method is the same as in worsted 
warping The press roller permits from 20 to 60 per cent more 
on the loom beam Compressed ^varps usually weave better ami the 
yam retains its elasticity, resulting in better finished merchandise 

The making of a warp In order to understand more readily how 
plain or complicated warps are made with this equipment and layoi^, 
it is well to assume an actual plain warp of three cuts 72 yards each 
There are 2400 ends of ground with 20 ends of selvage on each side 
which give 56 inches width on the loom beam between heads 
The first step is to determine how many spools will be required 
for one section Assuming the creel holds 12 spools and there are 
40 end spools to be used, the maximum number of ends would be 
12 X 40 or 480 ends in a section For 2,400 ends in the warp with 
480 ends to a section, five sections would be needed Next, the lens^h 
of yarn to be placed on each jackspool must be ascertained Since 
the warp is to contain three 72-yard cuts or 216 3rards and five s^- 
tions are to be made, each spool should contain 5 x 216 or 1 080 
j^rds altogether To allow for tying in of the next warp a few addi- 
tional yards should be made After each of the 12 spools of 1 085 
yards each have been prepared, they are placed in the jackspool 
stand or creel They are now required to be tied onto the yarn that 
was left in the dresser from a preceding warp To accomplish this. 
480 ends are counted off in front of the tying-in reed, and the re- 
mainder tied up Then, starting at one end of the reed, the first end 
IS cast up over the top of the reed, end eleven is skipped, and so on 
until 40 ends have been cast up These are tied together and represent 
the ends to which the ends on spool number one are tied Then pro- 
ceed in the same manner to get the ends for the other eleven spools 
as follows; 


645 


Processes Preparatory To Weaving 


For the second spool, pick one and skip ten. 

For the third spool, pick one and skip nine. 

For the fourth spool, pick one and skip eight 
For the fifth spool, pick one and skip seven 
For the sixth spool, pick one and skip six 
For the seventh spool, pick one and skip five 
For the eighth spool, pick one and skip four. 

For the ninth spool, pick one and skip three 
For the tenth spool, pick one and slap two 
For the eleventh spool, pick one and skip one 

For the twelfth spool the remaining ends are taken Each group of 
ends should now be tied to its respective spool, beginning with num- 
ber twelve spool The last group of ends picked in the reed is tied 
to the corresponding ends of the twelfth spool, end for end The 
next group of ends is tied to the end of the eleventh spool and so on 
until all the ends of the spools are tied up to the ends threaded through 
the reed and dresser Care must be exercised that no ends are crossed 
or tied up to the wrong spool The ends may be tied either by twisting- 
m or by using knots When completed, only the friction boards arc 
placed on the spools, and the warp yarn is drawn through the dresser, 
carefully and slowly, from the front of the machine Care must be 
^ercised when left-twist is tied to right-twist yarn or vice versa 
The yarn is then drawn through the lease reed. 

The next step is to determine the width of the section in the neck 
section or condenser reed Since the warp is to be beamed at 56 
inAes and there are five sections, each section requires 11 inches 
and 1 inch for selvage inch on each end) If a number 10 neck 
reed was being used, there would be ten dents per inch and in 11 
^ section, there would be available 10 x 11 or a total of 
UO dents for the section Dividing the total ends in the section by 
the available dents per section, le, 480 divided by 110, vould be 4 
ends per dent and 40 ends left over. These 40 ends will have to be 
*^l^cd among the 110 dents This can be done by taking 70 dents 
"’I" 4 in a dent and 40 with 5 in a dent, making a total of 70 dents 
With 4 per dcnt=280 ends plus 40 dents with S per dent=480 
total ends in 110 dents. 

When the first section is made, 20 ends on each side are added 
roni extra supply spools or bobbins from the dresser for seh-age 
uc} may be made with the same or different >arns and should also 
iMi the neck reed in this manner reed is a number 

. -u ends m 5 dents equals 4 ends per dent The total ends for 
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section one including selvage are now tied to the center of tlie space 
on the reel for the first section A lease is put into the warp and 
the angle irons on a pinless reel are adjusted to suit, and on a pm 
reel the pins are inserted to mark off the space the first section is to 
occupy The reel on its track is then placed into exact position with 
the neck reed The counter dock and bell on the reel is set for the 
desired length of the warp to be wound on the reel , in this case tliree 
cuts of 72 yards each equals 216 yards length Another lease is put 
in at the middle of the warp (at about 108 yards) and at the end (or 
a yard or so from tlie end) of the warp The first section being com- 
plded, the ends are tied to the reel in a loop or half-knot 

-he second section is built in exactly the same manner as well 
as the remainder of the five sections To the last section, of course, 
a selvage of 20 ends must be added During the operation of warping, 
care mi^t be taken that no ends drop or break out and that each 
se^ion has the required quota If the size pan and dresser are used 
^ j ^ must be stopped for any length of time, the steam in 
the dresser should be shut off, so that the warp yam is not baked 
unnecessarily Usually two operators are required on this work As 
each section IS completed the reel is moved into its new position and 
pins inserted, the clock set and so on 
When the whole warp is completed it is ready for beaming 


Warping of Fancy Patterns 

Whenever a stripe, colored check or plaid pattern is to be warped, 
e process becomes more complicated and requires planning and 
^culating before proceeding A typical example is given here to 

procedure A warp of 1,944 ends with the following*color 
pattern is wanted ; 


Pattern 


Black 4 

Blue 

Red 


= 4 

2 = 4 

= 1 


9 ends in one pattern 

selvage ends are to be added on each side and 
yards in length The first thing to calculate is the 
immber of patterns in each section 1,944 — 9 = 216 patterns m 
Nine sections here would give an equal number of 
Thetail" section le. 216 - 9 = 24 patterns in each section 
is thp ® within the capacity of the creel This 

spools of to determme the number of 

color required To find the total number of ends of 
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each color required in a section, multiply the ends of each color by 
the number of patterns m a section* 

Four black in each pattern by 24 patterns in a section gives 96 
total black ends in a section, this requires two spools of 40 ends 
each and one spool of 16 ends. 


.Trr-j 
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Fig 11 Modern magazine warp creel for large packages 
(.Courtesy Whttm Machine Works ) 
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Four blue in each pattern by 24 patterns in a section gives 96 
total blue ends in a section, this requires two spools of 40 ends 
each and one spool of 16 ends 

One red in each pattern by 24 patterns in a section gpves 24 total 
red ends in a section, this requires one spool of 24 ends. 

The pattern described requires two full black spools, two full blue 
spools, and one spool with 24 red ends One spool is made with 16 
black and 16 blue ends, making a total of six spools for the creel 
stand A separate spdol of 48 ends black for the selvage is made 

The total yardage on each spool is 9 sections x 65 3 rards (warp 
length) equaling 585 yards jplus an allowance of 10 yards for waste 
at the end of each section, tying in the patterns, drawing in the warp, 
possible slippage of the spool while spooling, etc TIus makes a total 
of 595 yards per spool on all spools The spools are now placed m 
the jackspool stand or creel in the following sequence from bottom 
to top: 2 black spools, spaced spool next, 2 blue spools, and then 
the red spool 


Picking the pattern The most common method used in picking 
the pattern in the entering reed is to drop all the ends in the reed 
to the bottom Commence at the right and count off the ends required 
pattern The black spools are at the bottom, the blue next, 
and t^ red next The number of ends for the red will be taken up 
I the right count 2 ends, which remain down, then 

M ^ 1 place it over the top of the reed, then count 2 for 

blue, 4 bla^ and repeat the pattern again, 2 blue and together they 
will maTC 8 ends Lift one over the reed, count 8, lift one over the 
reed, ^d so on until the number for the red are picked out and laid 
over the reed Tie them together and lay them back over the reed 
o^\ count the blue ends, 2 and 2 making 4, place them over the 
rew, leave 4 down for the black, pass 4 over the reed, leave 4 down, 
jP them together and leave them over the top 

r* ^ i reed All the ends remaining down now are for the black 
t-ount them to be sure that there is no mistake 

this, the ends of each group are counted off m 
se s ot forties and tied, wherever more than two or three spools are 
♦ 1 ? K ^ color Pull down the first forty for the black, tie them to 
nn A second forty to the second spool, and so 

fiio ® black ends are tied to their spools, follow with 

fLo « * must not cross from one layer into 

1 er.^^3’ If cause tangling and breaking of the yams With 
p ea spool that has two or three threads of one color side by side 
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and one of another, take no notice of the single end on this spool when 
piecing the first bunch of ends of that color Start at the bottom 
spool of the same color until sufficient ends have been tied in the 
reed for the single thread to run straight, or as nearly straight as 
possible This will save considerable trouble There aie optional meth- 
ods that can be used here, depending upon the operator’s preference 
After all sections are made as described previously and the warp 
is beamed, it is ready to be drawn into the harnesses 

Drawing In of Warps 

After a warp has been properly prepared in the manner just ex- 
plained It goes to the drawing-in department, where it is drawn 
through the heddles of the harnesses in accordance with a drawing-m 
draft that is prepared by the designer or design department This 
applies to warps that go into plain, dobby, or head-motion looms, 
where more than four harnesses are employed On less than four 
harnesses, twisting-in machines can be employed 
Before going into the details of the drawing -in process, it 
becomes necessary to understand why warps for different fabrics 
and weaves must be drawn into the harnesses differently How a warp 
IS drawn through the harnesses depends on at least four important 
factors; 

1. The kind of weave to be used 

2 The sley or number of ends per inch. 

3 The minimum number of harnesses required 

4. The kind of yarn employed m the warp 

Much depends on this operation and the care with which this op- 
eration IS carried out This department usually is in charge of a 
woman who is responsible to the overseer of weaving The depart- 
mwt concerns itself w«th the care and upkeep of harness frames, 
heddles, and reeds The care, upkeep, and storage of unused equip- 
ment as well as of that in use is of utmost importance in the pro- 
^ction of high-quality and n ell-woven woolen and worsted fabrics 
The finer the yams, the higher the sley, and the more difficult the 
Meave, particularly on bobbin-changing, high-speed looms, the more 
t^e must be used in this department Hence, it becomes necessari 
that the equipment is the best ai'ailablc and kept in good working 
order according to the best practice and knowledge 

Harness frame The harness frame usually consists of a uooden 
rame that is rigid in construction and jet light in u eight The top 
ana bottom crosspieces arc made of knotlcss, seasoned wood held in 
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parallel position by metallic or wooden braces Provision is made for 
tempered, hard steel slide rods extending parallel to the wooden 
crosspieces and ending in the two metallic braces at top and bottom 
of the harnesses For wide goods double slide hook are employed at 
regular intervals, but for ordinary goods a regular frame with studs 
and lock hooks is used The double sidehooks serve to hold the heddles 
and give them perfect freedom and sliding ability sideways These 
harness frames should be kept in good condition by varnishing them 
from time to time Perfect smoothness is essential to their operation 
loom Heddle rods should be kept smooth by a little tallow, 
and should be inspected at regular intervals They should be kept 
clean and free from Imt and oil The harnesses are usually stored 
in accordance with their width and depth and a record is kept of 
the ni^ber of each type available, A number of new spares of each 
size should be kept in stock The sizes (i e , the width) of woolen 
and worsted harness frames vary from 70 to 90 inches (woolen and 
vested fabncs), from 30 to 200 mches (carpets), and from 90 to 
500 inches (felts) 



When a new set of 
harnesses is selected or 
made up the following 
data must be at hand 
(1) width of the harness 
frame in inches , (2) 
depth of the harness re- 
quired in inches, (3) 
number of harnesses re- 
quired, and (4) type of 


considered good policy to mix the harness frames 
o aiiterent makers because of different construction and rigidity 
wing to the wide widths of these harness frames, a check on ngidity 
is important Whenever the solidity or rigidity of a harness frame 

repaired or replaced with a new set The 
oia type of cotton harness is not used in the woolen and worsted 
weaving trade in the Umted States. 


^ types of heddles employed in the woolen and worsted 

^ V eye and the flat steel heddle 
nr « oval eye Cotton or linen twine heddles with metallic mail 
nr Zr^Jf 1 *°^ Their only use would be found in Jacquard 

most twisted round wire heddle is no longer the 
mon heddle employed in woolen goods weaving For fine 
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worsteds the flat-steel, super-pohshed heddle has found considerable 
application and preference They are classified in the following man- 
ner; 


FLAT STEEL AND OTHER TYPES OF HEDDLES 
Size of Eye Use 

Made A in to A in Woolen and worsted goods 

in all Braised Felt 

lengths Braised Carpets 



Fig 13 Types of steel heddles and eyes 
(Courtesy Steel Heddle Mfg Co ) 


The heddle performs a distinct function in the harness frame and 
in weaving that should never be overlooked Heddles serve the pur- 
pose of holding the yam in the desired position either in the upper 
or lower shed and keeping it there until the shuttle has passed through 
this shed and introduced the filling yam Heddles must also move 
the yarn from the lower to the upper shed or vice versa in accordance 
With the weave that is used In addition, it must he so constructed 
that It allows a forward movement of the warp yarn during weaving, 
irrwpective of knots Heddles that have rusty, rough, or sharp eyes 
Will not perform properly A great deal of damage can be done by 
^ch heddles Quite often heddles become cut or damaged m use 
they should be inspected periodically and the damaged heddles 
or^en out and replaced at once 

of the heddles in their sideward movements is essential 
^ slide easier than twin wire heddles Sticking heddles are 

the cause of much warp breakage and reduced loom efficiency 
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Heddles are generally brushed well after use, oiled, and then wiped 
off If they become badly rusted, they^ should be cleaned with cocoa- 
nut oil or compounds sold for this particular purpose WTien placing 
the desired number of heddles on the harnesses required by the 
weave, care must be taken that &ey are not too crowded on each 
harness Bent, crooked, or damj^d heddles should be broken out 
Tied-in, spare, or repair heddles are those that are inserted temporanly 
b)' the weaver when a heddle breaks during weaving. They should 
be broken out and replaced by a new heddle in the particular harness 

Drawing In Drafts 

A drawing-in draft is prepared by the fabric designer and is 
used by the drawing-in girls to draw the warp through the heddle 
eyes Drawing-in drafts are usuall}*' worked out on squared design 
P^PfJ* ^d should be kept simple The drafts are prepared so that a 
mini mum of errors or misunderstandings occur in ffie drawing-m 
department The weaver also gets a cop 3 » of the draft, if it is out of 
the ordmary or not easily understood. 

The drawmg-in draft, or ffie manner of drawing the individual 
jams through the number of harnesses, shafts, or leafs required by 
me weave, is worked out to permit the use of the smallest number of 
harnesses The operation of the harnesses, the particular threads 
dravm through each heddle on each harness, are important factors 
which affect ^d control the production of the correct weave and 
doth A drawing-in draft is necessary on all types of cloths except 
simple weaves 

* 4 . ^ir or weave pattern, the drawing-in draft concerns 

itself with those warp threads that act ahke (i e , are up or down 
togetl^r with respect to the filling) and it is these threads that 
must be drawn on the same harnesses, instead of emplojdng separate 
harnesses for each individual thread in the pattern Hence, in this 
manner very elaborate stripes and weave patterns may be drafted 
o^ to a comparatively few harnesses, saving much labor and 
otwa eqmpment. In addition, it must be considered that each loom 
IS hmited m the number of harnesses it can accommodate In woolen 

largest number of harnesses that can be oper- 
nl!? generally 24 to 26 That means all fabric design.^ 

t matter how complicated are reduced and adjusted 

to i^e no more and, if possible, considerably less than 24 harnesses 
of aratt7in^-i« drafts The drawing-in draft must be clear 
casily Understood, otherwise it fails its object It 
me a very complicated piece of work, particularly when 
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color patterns or cfifcct \vca\cs arc used Drawing-m drafts may be 
classified into the follow ing tjpes. 

1 Straight draw 

2. Broken draw. 

3. Pointed draw 

4 Scattered or satin draw. 

5 Intermittent or skip draw. 

6 Grouped draw. 

?. Divided draw. 

8 Manifold draw. 

9 Combination draw. 

1. The most common and preferred drawing-m draft is the straight 
draw, by which is meant that the yarns from beginning to end of 
the warp are drawn straight through the harnesses It must be pointed 
out that for this purpose the harness frames are arranged parallel 
to tech other, one in bade of the other. The harness designated harness 
1 is always nearest the reed in the loom and the weaver, whereas 
harness 12 would be farthest away, all of them arranged one directly 
behind the other in direct sequence, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, and 12. 

For the straight draw the first thread in the warp is drawn through 
the first heddle of the first harness, the second end is drawn through 
the first heddle of the second harness The third end is drawn through 
the first heddle of the third harness and so on until the twelfth end 
ts drawn through the first heddle of the twelfth harness From there 
on the whole order is repeated In other words, the thirteenth end 
m the warp is drawn through the second heddle of the first harness 
the fourteenth end through the second heddle of the second 
harness and so on across the entire warp This method should be 
and IS used wherever the pattern or the weave permits it For both 
the drawmg-in girls as well as the weavers it is the best draw be- 
cause It IS simple and can be followed with a minimum chance of 
error. 

However, m a good many cases fancy drafts, of which there are 
Many, are required and for such goods special drawmg-in drafts 
nave to be prepared and copies made for the drawing-in girls as well 
as the weaver or weavers who will run this particular style For this 
puroose diflFerent mills use different methods 
, ^["^bably the simplest method is to let horizontal lines represent 
me harnesses involved (1 — 24) and vertical lines the warp threads 
Pmnt at which the vertical line stops indicates the heddle through 
winch the particular warp thread is to be drawn It indicates at a 
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glance the order of drawing-m that should be used (See Fig 15 ) 
Some designers indicate the numbers of the harness at the junctures 
and others designate the juncture with crosses, in order to facilitate 
the working out of the design Still others use design paper and indi- 
cate the harnesses by numbers All of these methods are practical and 
are largely matters of personal preference Sometimes the drawing-m 
draft IS referred to as the treading plaHj which is a term handed down 
from hand-loom days 



Fig 14 Methods of designating drawing m drafts 


In brief, the straight draw proceeds in one direction onl> The 
number of threads in a straight draw is equal to the number of shafts 
or harnesses and each shaft carnes one end for every repeat of the 
draw. 

2 The broken draw is characterized by one group of threads w'hich 
IS drawn in straight in one direction and anotlier group w'hich is 
d^a^vn in straight in the opposite direction Where the direction is 
reversed the first end of a new senes is started higher or lower tlian 
the last end of the preceding senes Twulls woven with this draft run 
forward and backward in the order of the draw, as in herringbones 

The broken draw 
IS generally prefer- 
able to the pointed 
draw and is used 
more frequently A 
better junction of 
the twill lines is at- 
tained than with a 

, . pointed draw, 

o i ne ponded draw runs straight first in one direction, and then 
in another The shaft at each point of reversal receives but one end, 
w ereas the other shafts carry two ends It is not necessary, of course, 
^ covers the same number of ends or shafts The direction 
n oe changed also at irregular intervals With a definite twnll w eave, 
^ order of reversing a pointed draft, many attractive 
created Only one objection in some classes of goods is 
, namely, that at the point of reversal the filling floats over 



Fig IS Tjpical example of a pointed draw 
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several extra threads, causing too large floats that are easily distorted 
or broken. 

4. In the scattered or sahn draw, the order of drawing the warp is 
scattered irregularly, resembling the draft of a typical satin weave 
It is not used except when necessary because of the difficulty in fol- 
lowing It in the drawing-in department 


Fig 16 Intermittent or skip draw 

5 The intermittent or skip draw is generally a straight draw except 
that at short intervals a certain number of shafts are skipped, the 
number depending on the weave that is used The first and the last 
threads in these draws should break with each other 

6 The grouped draw is used in stnpes, checks, and fancy effects 
where two different weaves are employed One weave operates on 
one set of shafts, and the other on another set or group of shafts 

7 The divided draw is commonly employed in warp-backed and 
double cloths The face and back threads are drawn on separate 
groups of harnesses and hence the drawing-in draft is divided The 
shafts working the face threads are usually hung next to the reed, 
or in front, whereas those of the back weave are handled by the rear 
harnesses There is an exception made to the above, when the back 

js weaker than the face A typical example is shown in Fig 17 

8 The manifold draw, also termed 
the corkscrew draw, is used where 
each twill line is formed by alternate 
ends It is effective where twills are 
formed with different colored yarns 
In even numbered shafts they are 
divided into equal groups, odd num- 
bered shafts and even numbered 

j It For example Nine shafts are divided into two parts, 1 to S 
r" r lo ^ • the first twill begins on shaft 1, the second twill on shaft 
o Corkscrew weaves commonly are drawn into the harnesses in 
this manner 

9 Comhmattott drawing-in drafts come about through a combina- 

lon of the draws 1 through 8 and when figure or dot weaves and 
ground weaves are employed, as in fancy w'orsteds Every possible 

\ca\e pattern can be made ivith these eight draws, but it should be 

membered that complicated combinations arc difficult to follow 
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Dra\vmg-m drafts, therefore, have an important influence in 
weaving They should contribute to the formation of a clear shed; 
they should be as simple as possible and arranged so that the 
warp ends will be distributed uniformly over all the shafts They 
should aid in relieving unnecessary strain on the warp yarn Gener- 
ally, the threads with the least amount of interlacing are drawn on 
the back harnesses The draw should aid in keeping the number of 
harnesses to a minimum, because drawing-in and weaving costs rise 
with the number of shafts used Practical experience and a thorough 
knowledge of weaves determine what drawmg-in draft is best under 
any given circumstance 

To illustrate what is meant by “drafting weaves” and to determine 
which is the best drawing-m draft to use, the following will serve as 
an example The weave consists of 16 ends of a 2/2 45 degree twill, 
running left to right, followed by 16 ends of a 2/2 45 degree tivill, 
running right to left, joined by an offsetting of the twill as in typical 
men’s wear fabrics Three different drawmg-in drafts are possible, 
see, m Fig 18, the weave with tlie corresponding chains beneath 
The draft to use depends on the number of harnesses practical in 
weaving The first one (I) shows a necessary minimum of four 
harnesses but such weaves are more generally proven on eight har- 
nesses, because of better loom operation Hence, the second draw (H) 

is probably the best The 
third draft (HI) is & 
scattered or satin draw, 
perfectly satisfactory ex- 
cept that it IS not easy 
to draw without making 
an error at the junctures 
of the weaves or some- 
times during the draw- 
mg-in of the whole warp 
Hence, III should be 
avoided 

In the chain each end 
that operates differently 
is recorded The chain 
selves to actuate all the 
harnesses on any given 
pick It raises those har- 
ifi r. n: nesses, the ends of which 

B Different methods of drafting a weave shall be in the upper part 
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of the shed and up or over the filling A peck or roller on the loom is 
used for that purpose in place of the filled-in square shown in the 
design paper. The chain is made on the basis of the drawing-in draft 
and the original weave Only those ends which act differently from all 
others in the weave are utilized in making the chain The length of 
the chain is controlled by a repeat of the weave in the direction of 
the filling If It should be less than four picks, double the length is 
made because the loom demands at least four bars to a chain 


Heeding of the Warp 

Reeding follows drawing in of the warp yarns and is done in the 
same department directly after drawmg in Reeding consists of draw- 
ing the waip yarn through a series of splits in a comblike device 
that serves the following purpose m the loom 

1 To distribute and hold the 3 rams evenly at a definite width known 
as reed width in the loom. 

2 To act as a back rest to the shuttle, which passes in front and 
across its length. 

3 To beat the filling yarn into the woven cloth during weaving 
There are two types of reeds used in woolen and worsted work, 

namely, the pitch-band reed and the metallic reed Both of these are 
^ Fig 19 The first is a reed (or a comb closed on both sides) 

11 a strips of steel set in two pieces of wood, 

caned “ribs ” Each rib consists of two parts and is wound with 
pitched cotton cord of 
specific size m order to 
space the nb exactly as 
dwired and to make the 
whole reed firm and 
strong The space be- 
tween any two adjacent 
steel strips is known as 
a split or a dent The 
number of the dents or 
spaces per inch of width 
dteignates the number 
ot the reed If a reed 
jas 12 spaces, splits, or 
dents per inch, it is 
nwignated as a number 
12 reed, if it has 16 

aces per inch, it is Fig 19 Types of reeds 
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known as a number 16 reed Some manufacturers indicate their reeds 
by the total dents on a given width, for instance, 620 — 62 reed, which 
means 620 total dents in 62 inches of width, being equal to a number 
10 reed 

The depth or height of the reed is usually inches, but may vary 
from 4 to 6 inches according to the kind of goods being woven as 
well as the size of shuttle employed In carpets and felts the height 
may be 8 or 9 inches 

Metallic soldered reeds are also employed for fine worsteds They 
are more expensive but have distinct advantages They can be had 
up to 60 dents per inch for fine worsted goods 
The passing of the harnessed warp yarns through a reed is accom- 
plished m accordance with the drawing-in draft, on which the denting 
or reeding is indicated by the designer This is done when the reeding 
plan IS irregular or out of the ordinary When reeding is regular and 
uniform, the designer indicates on the order ticket what size reed shall 
be used and also how many ends per dent shall be taken This may 
be different for the selvage than it is for the body of the warp If it 
should state 10 reed 4 per dent, it means that a number 10 reed, 
which has 10 dents per inch, shall be used In each dent of that reed 
for the width specified shall be placed 4 adjoining warp yarns at a time 
To make this still clearer, a typical women’s serge is taken as an 
example The specifications state that this particular cloth is to be 
63 inches in reed, has 3,456 ends and 72 selvage ends , a number 14 
reed is to be drawn with 4 ends per dent This means that a reed 
must be selected from stock that is at least 63 inches wide, has 14 
dents per inch or a total of not less than 63 x 14 or 882 total dents, 
into each one of which are placed 4 ends, making a total of 882 x 4, 
or 3,528 ends including selvage The width of the reed is usually 
selected a little wider than 63 inches, to fill the spaces between the 
shuttle box and reed on each side of the lay or batten 
Girls perform the reeding operation by means of a reed hook or 
reed knife T\\o girls are necessary, although one experienced gin 
2 operator usually works from right to left, if a 

right-handed girl, and vice versa, if a left-handed girl The warp 
With its harnesses is placed in a wooden stand The short ends of 
irarp yarns are drawn through a little farther to permit them to reach 
rough the reed, which is now placed in front of and level with them 
passes the reed knife through the first dent (not necw- 
y ^cot in the reed on the right) and takes successive 

ffroup of four, hooks them with the reed knife, and 
hem through the dent so that they now appear on the other 
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side of the reed. 'J he hook is now inserted in the next dent and the 
next four successive ends me picked up and hooked through This is 
repeated across tlic entire warp until completed No ends or dents 
shall be skipped, unless so intended. 

Kccding IS done very rapidly by an experienced operator or even 
faster if two girls work at it. One is Known as the "liander-in’’ and 
the other "the rtedci." No dents may be skipped and errors must be 
corrected at once \Vhcn the reeding is irrcgulat the task becomes 
quite difficult After a group of tw’cnty or more ends have been 
reeded, tliey arc knotted with half-knots or loops to prevent them 
from being pulled out by accident. 

The coarser reeds arc generally employed m woolen and worsted 
work and reeds of No 30 or finer are rarely employed The coarser 
the reed tlie less friction and strain there will be on the warp yarns 
The finer the reed Uie smoother the texture of the woven fabric. The 
number of ends per dent may vary from two to eight and changes 
with each type of cloth. If difficulties arc encountered in weaving, i e , 
poor shedding of the yarn or excessive end breakage, it may become 
necessary to re-reed the entire warp This should not happen, how- 
ever, to an experienced designer How many ends per dent should 
be used is something which requires practical experience and good 
judgment. 

The care, storage, and preparation of reeds is an important factor 
in good weaving of the warps Much damage can be done by bent or 
otherwise damaged reeds, rusty reeds, or unsuitable reeds They can 
be the cause of the so-called "reed marks,” which are usually streaks 
direction of the warp produced by imperfect spacing 
of the warp yarns Also, when certain dents or all dents have too 
many ends per dent, they can cause rolhng or over-riding of the warp 
yams, an undesirable appearance m some weaves 

Reeding is still a hand operation and probably will continue to be 
A mechanical reeding machine has been invented in Europe and is 
now built m the United States, although it has not been extensively 
m this country. 

The warp is now completely prepared for the loom with its har- 
nesses, heddles, beam, and reed securely rolled up and fastened It is 
allowed to rest on the floor until demanded by the weave room, when 
placed on a "horse" or oval truck and taken to the 
particular loom, the old warp of which has been finished 

Mechanical Twisting In or Drawing In 

On staple lines or fabrics that are made constantly year in and 
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year out, the drawing m can be done by a machine designed to 
do this work automatically and often much faster than it can be 
done by hand Most mills workmg on the same or similar goods 
employ hand and machine twisting-in. Twisting~in a waip means 
connecting the ends of a new warp to the ends remaining from a 
former warp which has been woven out in a loom, or cut out for 
various reasons This can be done at the loom or in a special space 
set aside for this purpose Of course, to be successful and applicable, 
the new warp yarn must be exactly the same type and twist as the 
old The warp should have approximately the same number of ends 
Only on these conditions can the ends of each warp, end for end, be 
twisted together until the whole warp is completed The twisted ends 
are then drawn carefully through the heddle eyes in the harnesses and 
the reed as well The warp is then ready to be woven again, without 
repeating the laborious drawmg-in of the heddles and reed by hand 
The question of whether or not it is cheaper to draw in warps by 
hand or machine can only be decided by the class of goods woven 
^d by the type of help and facilities of each mill Manual help has 
been replaced by the tying-in machine, invented to do this work The 
machine is almost human and selects an end of the old warp and 
knots It to the corresponding end in the new watp until Ihe whole 
warp IS finished The ends of the knots are trimmed and the machine 
IS provided with a stop motion and other devices It stops when a 
knot IS imt complete or slips, as well as when an error is made. Of 
course, the warp must have a correct lease m it, as well as the new 
warp, M that no crossing of ends occurs Whiting and oil are used 
by me hand twister-in to ensure sticking of the twisted ends If yams 
o Qitrerent size or count and twist are in the new warp, it may become 
newssary to use knots instead of twisting them together by hand 

twistmg-in has been pretty well discontinued by most mills 
^'^'stmg-in or tying-in machine is used They are 
companies in the Umted States, and will do 
drawing through drop wires, special flat heddles, and reeds 


Rewinding for Filling Purposes 

winder is on the market and used 
^ woolen and worsted mills because it was found im- 
frame bobbin produced on a ring spinning 

a filhnp hnhhtn f shuttles were introduced, it was necessary to use 
be as shuttle but, at the same time, 

g as the shuttle in use would permit This necessitated a 
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rcwjnduig of the filhn;» bobbjJi as it came from the spinning or twist- 
ing room*: Snch a winder is shown in Fig 20 The machine affords 
an opportunity not only to rewind the filling yarn to ensure greater 
cfficiencv m weaving on automatic looms, hut also to inspect the 
filling jam and to take atl vantage of large package woolen spin- 
ning In the ease of bought yarn, the supply package may be cones, 
tubes or dye bouse packages and tw’islcd bobbins and rewinding 
would be necessary in any ease. 

By means of this automatic filling bobbin winder, the yarn supply 
package is placed in a magarinc-type creel so that the tail end of one 
package may be tied to the leading end of the next package, pcrmit- 



20 Whitin-Schweiter automatic filling bobbin winder 
Courtesy Whttm Machine Works 
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ting continuous operation during creeling The yarn is taken off over 
end and passes through a suitable tension device, according to the 
type of yarn run It passes next through a porcelain guide, which acts 
as a stop motion element in the event of yarn breakage, run-out of 
the supply package, or lack of sufficient tension From this point, the 
yarn travels through a porcelam-lined oscillating thread guide which 
lays It on the rotating bobbin and moves forward according to the 
predetermined diameter of the bobbin 
Fully wound bobbins are ejected automatically and empty bobbins 
reinserted in their proper position All bobbins can be built to the 
same thickness, density and yardage of filling yarn The winding 
spindle operates at 3,500 to 5,000 r p m and the production of woolen 
yarns on this winder ranges from 74 lbs per spindle per 40 hours 
on eight run yarn to 400 lbs per spindle per 40 hours, with a bobbin 
diameter of full diameter of 1-5/16" and a traverse of 
worsted yarns, lower production is attained It ranges from 31 lbs 
per spindle per 40 hours on 50® yarn to 100 lbs per spindle per 40 
hours on 12® yarn with an empty bobbin of 9/16" diameter, full 
diameter of 1-3/16" and a traverse of 7?^" and a Bpindle speed of 
5,000 r p m and 4,000 r p m , respectively 
The winder operates quietly, is built in units of 6 to 42 spindles, 
can be adjusted to any bobbin size, the taper and traverse can be 
adjusted to suit particular yarns or weaving conditons It requires 
anywhere from ^4 to 4^4 horsepower and occupies a very small space 
It has many excellent features and is fully automatic and requires 
little supervision. 
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THE WEAVING OF WOOL 


ENS AND WORSTEDS 


The Principle of Wcavinfi 


W 1:A\*I KG conMihnc-; the actual production of cloth or 
fnhric a*! from hniltinp, braiding, ami lace 

nnl.ing, which arc the other incthod*; of producing fabrics 
Two fundamental facl< that can be noted from cxanunation ol an\ 
v.o\cn goods arc that it has length and width The wultii ot a 
finished fabric may be from IS to 3*5 indies; such fabrics arc callc 
narrow good' The wulth nny be from 36 to 5S indies, and tnese 



1 Worsted dress goods weaving {Courtesy Forstmatm Woolen Company) 
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fabrics are known as broad or wide goods. Felts, carpets, draperies, 
\chets, etc , can be woven as w'lde as SOO indies In fact, the wndest 
loom e\ er built in die United States was a loom 540 indies bctw'een 
swords for the manufacture of papemiakcr’s felt These fabrics are 
of extra and unusual width, howc\er 

The length of a piece or “cut” is usually SO to 70 yards long, and 
in a few cases, 120 to 140 yards, known as double cuts 
When a woven cloth is examined further, one can obscrv'e that 
there are a series or number of \ams or threads running length- 
wise, spaced equally or unequally, but generall}' running paralld 
to each other Another set of j'ams or threads run crosswise (from 
selvage to selvage) which are spaced equally and uniformly apart 
These two sets of yams normall)- intersect or interlace at right 
angles to each other and form a solid, well-bound, and often duck 
fabric. Fabrics differ in character, surface, and texture. They may 
be thin or duck, single or double, rough or smooth, open or closely 
set, and so forth 

But, w'hatever the fabric, the following simplified definition of 
Aveaving applies 

Weaving is the forming of a textile by the interlacing, at right 
angles to each other, of two sets of yarns, one running lengthwise 
in the loom and termed the "warp" and the other running crosswise 
ill the loom and termed the “filling* or "weft ” 

Woven ^woolen and w’orsted fabrics are produced on what is 
termed a loom ” The development of weavmg is one of the most 
interesting studies one can pursue From the crude methods of hand 
WMvmg practiced by the Pilgrims, the Puritans, and others in 
colonial days, the mechanical loom w'as gradually developed m this 
countiy mrough the genius of such inventors as William Crompton, 
I^ius Knowles, Erastus B. Bigelow, and others It w'as not until 
loo/ that weaving was done by mechanical looms and this develop- 
ment IS described m Chapter 1 

The present wmolen and worsted loom is indeed the most ad- 
vance piece of machmeiyf m the whole industry and the result of 
mum experimentation, engineering skill, and precision These looms 
are omit in this country by the Crompton & Knowdes Loom Works, 
V ose research engineers and mechanics have produced a loom that 
pos«ble requirement of American woolen and worsted 
nf ^j^'irers The plant at Worcester, Mass , covers over 20 acres 
or Duildings and grounds and employs from ISOO to 2000 people 
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The Eight Essential Mo tionsjjf.a^LQpm 

In all looms there are eight principal mechanical motions or opera- 
tions involved m the weaving of woolen and worsted fabrics They 
are* 

1 Shedding, harness, or head motion (separation of the warp) 

2 Picking motion (insertion of the filling) 

3 Beatmg-up or lay motion (placing picks into the cloth) 

4 Letting-off motion (warp supply) 

5 Taking-up motion (taking away of the woven cloth) 

6 Filling bobbin replenishment motion 

7 Automatic stop motions (center-filling, warp, and protection 
stop m'otions) 

8 Box motion, in multiple box looms, where more than one color 
filling is employed (Described as part of motion 1 in the text fol- 
lowing ) 

These motions play a principal part in the operation of a loom as 
well as m the production of merchantable cloth They take place 
simultaneously and each will be described in this chapter in detail, 
in order that a full appreciation of their function, operation, and 
effect in weaving may be obtained 
Before proceeding with the explanation of these mechanical mo- 
tions, it becomes necessary to explain the simple principles of me- 
chanical weaving in general This will be done on the basis of a 
simple side elevation of a loom and its essential parts 
Figure 2 shows the essential parts of a loom designated with 
letters for each part With these designations as a guide it will be less 
difficult to understand the sequence of operations necessary to produce 
a woolen or worsted fabric on a loom, irrespective of its t 3 ipe The 
sheet of the required number of warp yarns is properly prepared 
and placed on warp beam A, from which the warp yams are passed 
in a vertical sheet up and over whip roll B, which brings the warp 
yams into the horizontal level with the harnesses Before they pass 
threaded through two lease rods C, w'hich serve 
the purpose of separating the warp jams into tw^o groups, one 
passing over the first lease rod and under the second, and another 
proup. which pass under the first lease rod and over the second 
Usually, the lease rods are alternated so that the j'ams are in perfect 
order and can be kept that waj* when w’arp breakage occurs during 
" caving From there the yams pass through the harnesses, of which 
only tw'o arc shown in the diagram There may be as many as 
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F>E 2 Esscntilil working parts of a loom. 



A. — warp and warp beam 
B — ^whip roll 
C — two lease rods 
Cl — ^warp stop motion 

— One or group of warp yarns in 
upper shed 

01 — One or group of warp yarns in 
lower shed 

FI— |}eddle eye m first harness 
L2— hcddle eye in second harness 
* tl — harness one 
G2 — harness two 


L — lay or batten 
I — reed and reed cap 
M — race plate 
K — shuttle in shed 

H — fell of cloth (beginning of woven 
cloth) 

N — already woven cloth 
O — breast beam 
P — sand roll or take-up roll 
Q — guide roll 
R — cloth roll 


wenty-six m modern worsted looms The yarns are drawn thiough 
rr} “ E2 of the heddles placed on harnesses G1 and 

fV. 1 - n generally drawn through one harness, the next 

nt fU n otner, and so on alternating constantly The function 
iinr.o^ harnesses is to separate the yarn sheet into two groups, one 
firef one lower, forming an opening known as shed F At 
“P harness G2 is down and on the next 
t or pick, harness G1 is down and harness G2 is up and 
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so on alternating consecutively with each pick inserted Thi« is 
technically known as the “shedding” operation 
In front of tlic harnesses is located a lay or batten L, which 
carries reed I and has a race or race plate M Lay L oscillates 
forward and backward as shown by the two positions in the dia- 
gram The warp }ams pass through the dents of reed I, which 
spreads the >am evenly across the desired width and acts as a back- 
rest to shuttle K, which carries the filling yam on a bobbin Shuttle 
K passes through open shed F when the lay is in its backward posi- 
tion m front of reed I on race plate M and from one side of the 
loom to the other. For a top view and front view of a modern 
worsted shuttle, see Fig 3. 



Fig 3 Top and side view of automatic worsted shuttle 

When the shuttle has passed through the yarn shed and has intro- 
one filling thread, or, as it is technically called, a “pick” or 
^he lay moves forward and the shed closes, pushing the in- 
serted filling yam by means of the reed up to the fell of cloth H, 
Where the last pick is now located The propulsion of the shuttle 
js known as the "pickmg” motion and the forward movement of the 
^*th its stationary reed is known as the "beatmg-up” motion 
Ihe operations of shedding, picking, and beatmg-up take place 
uccessively and they constitute Ae three principal motions in weav- 
w^ cloth When the last pick is beaten up, the lay moves back- 
ard again and while the harnesses change, the warp yams again 
hn?f into two groups forming a new shed When the lay has 
It completed its backward movement, the shuttle is "picked” 
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across and another pick inserted The lay again moves forward to 
beat the filling up and the harnesses close This operation repeats 
Itself rapidly at the rate of 125 to 180 times a minute, according to the 
speed of the loom 

The cloth begins to take shape at the fell of cloth H and slowly 
moves on over breast beam or breast roll O down over a sand roll 
or take-up roll P, circling its circumference almost completely and 
over a guide roll Q down to cloth roll R, which winds it up at full 
width Sand roll P is covered with perforated tin or fine sandpaper 
and moves the woven cloth very slowly in direct accord with the 
number of picks that are to be inserted per inch of woven cloth 
I n fact, the sand ro lleius, dri ven by cha nge gears, which controljd}? 
de5i3£dLpt^.S ^pern uGh~m^the^clQth §ahdpapS^* is used in order to 
get a firm grip on the cloth When a piece or cut of cloth has be^ 
woven (to a length of say 60 yards), it is cut across and taken off 
the cloth-roll shell, which is then replaced in the loom Direction of 
rotation of yarns and loom parts are indicated in Fig 2 by arrows 
This procedure goes on as long as a supply of warp yarn and filling 
jam IS available 

When the bobbin of filling yarn in the shuttle ran empty, the 
loom used to be stopped, the shuttle removed from its receptacle or 
box on either side of the loom, the empty bobbin or cop removed 
and replaced by a full one threaded through the shuttle eye, the 
shuttle returned to its receptacle or box, and Ae loom started up 
again Today, this whole operation is done automatically without 
stopping the loom The let-off pertains to the constant supply of 
warp yarn as needed The take-up concerns the motions necessary 
to move the cloth and warp at such a rate as is required by the 
number of picks in the cloth 

Understanding of this procedure is essential, because the modern 
automatic woolen and worsted loom, while it still performs these 
simple motions in exactly the same way, has many additional mo- 
tions and safeguards which serve to make the loom more efficient, 
permit higher speeds, eliminate vibration, and tend to make it 
nearly automatic The eight principal motions as listed will now 
oe described in mechanical detail as they are found in modern, 
high-speed woolen and worsted looms Knowledge of these opera- 
ions is requir^ of the loom fixer and loom mechanic, whose duty 
1 IS to set up these looms and keep them in good, working condition 
nc such loom fixer usually cares for eighteen to twenty-four of 
ese iTOms, depending on their age The older the looms are the less 
ooms he can take care of and the more fixing he has to do 
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Lubrication of the loom Woolen and worsted looms are some- 
times equipped with “one shot" lubrication, which lubricates th^^ty^- 
five of the important bearings on the loom A tank of oil with a 
pressure lever supplies one cubic inch of oil to all important bearings 

Head or Harness Motion 

The head on a loom is the part which performs, actuates, and 
controls the motion of the harnesses in a loom. In cotton and silk 
looms this part is often designated as the dobby. The Crompton & 
Knowles head motion is more sturdily built than a dobby and is a 
positive motion in every respect It is of special value on yinde 
fabrics and fancy weaves. Ordinarily the control of the boxes or 
shuttle receptacles, especially on looms having more than one box 
on each side of the loom, is combined with the harness motion in 
the head, so that it becomes impossible for tiiem to get out of time 
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A sectional view of the head is shown in Fig. 4 Top cylinder 
gear 1 and bottom cylinder gear 2 rotate in opposite directions as 
shown by arrows J^etween these cylinders is partial gear 3 (there 
is one for each harness) which has a blank space equivalent to 
about three teeth at one point and another blank space about equal 
to one tooth directly opposite The combination of lever 6, gear 3, 
and connector 8 is known as a vibrator, there being one for each 
harness Harness chain 4, consisting of metallic rolls and tubes, 
raises or lowers this gear by contact with run S on vibrator lever 6 
on which gear 3 is pivoted Run 5 is held to the vibrator by two 
rivets and may be readily replaced when worn. 

As shown m Fig 4, gear 3 has been raised and the first tooth of 
cylinder gear 1 is just coming into contact with tooth A of vibrator 
gear 3 The vibrator gear will be turned a little over half a revolu- 
tion, pulling forward harness jack 7 by means of connector 8 be- 
tween the gear and the jack Point B is therefore brought to point 
C and IS locked there, as point C is below the line from the center 
of vibrator gear 3 to the boss, where connector 8 hooks onto jack 7 
Just as this locked condition is reached, the wide blank space D on 
the vibrator gear disconnects it from the cylinder gear and no change 
in position of the harness will take place until a tube on the pattern 
chain allows the vibrator to drop down into position for contact of 
the gear with lower cylinder 2, at which time just the reverse motion 
takes ^ace and the harness is lowered, the lower cylinder strikes 
tooth E and rotates the gear back to the position shown in the 
diagram 

Connections from the top of a harness frame are fastened to the 
vertical arm of jack 7 and from die bottom of the same frame con- 
nections are made to the horizontal arm of jack 7 The result is a 
positive motion. 

Vibrator gear 3 is cut out in part as shown, and m combination 
with a round boss 9 on the lever 6, within the slot, a definite stop 
or both upper and lower harness positions is provided Therefore 
connector 8 at position B or C never rests on vibrator lever 6 The 
levers are set onto a heel pm 10 capped by a heel shell 11, 
Which may be easily removed to take out the vibrators Connector 
is tastened to jack 7 by means of a split hook which slips over a 
OSS on each side of the harness jack The harness jack is pivoted 
shown at *13^^ There is a guard rod, or so-called overjack pm, as 

vibrators are spaced by combs 14 and 15 Evener 16 serves 

ermine the low position of the vibrators and to raise the 
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vibrators by hand for levelling the harnesses Run 5 on the vibrator 
lever should clear a tube on the chain when the lever is in its low 
position The upper position of the vibrator is controlled by the 
chain roll The harness chain is of the familiar roll and tube type 
Either hardened cast iron or hardened turned steel rolls are used 
A section of the chain shaft is indicated in Fig 4 It is divided 
into "buckets” into which the rolls fit The rolls bottom on the shaft 
and are supported on each side by the adjacent bucket walls The 
chain rolls are not supposed to turn when moving under the vibrator 
runs The chain shaft is set so that the chain roll contacts with 
one end of the vibrator run just as a roll on the next bar ahead is 
leaving the run The buckets on the chain shaft will position the 
rolls so that slight wear of die chain links will not affect the motion 
of the vibrators Chain 4 should be kept well oiled 
An important element is lock knife 17, which is earned on an 
arm on shaft 18 It is governed by finger 19, which is held against 
wni 20 by coil spnng 21. The lock knife is "in” or close to comb 
14 during harness diange, and "out” while the vibrators are chang- 
jug. The duty of the lock knife is to hold the low vibrators from 
Deing lifted by the lower cylinder gear, while the latter turns the 
Vibrator gears The ends of the vibrator levers, which are up, should 
Clear the lock knife blade. It is not intended to wedge the levers 
apart or to hold them apart The adjustment at this point is very 
important The head is driven from either the bottom shaft or the 
craoK shaft by means of gears whidi drive an upnght shaft. 

The box motion is a tmit with the Knowles head 
boxes are controlled by vibrators in the same manner 
vihr f and the short cylinder gears for operating the box 

evil screwed to a flange on the shaft along with the harness 

vibrat * knife may extend across both harness and box 

rate f ®ome heads the box section has a lock knife sepa- 

Tb harness section and controlled by another cam 

^ ® vibrators are controlled by box chain 31, shown in Fig. S 

work as already e:q>lained and in so 
end \ levers 34 and 35 Lever 34 is pivoted at the lower 
midwa K chain 36 at a point on the lever about 

ment ^ the pivot and the vibrator connection The move- 

iift lever by its vibrator 32 represents a one box 

37 arn,'^ ^ >5 pivoted at the center, and at its lower end is sheave 
The fh® chain passes trom lever 34 to the drop box. 

tion given lever 35 by its vibrator 33 represents a two-box 
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lift Together they lift three boxes, or in other words, control 3 
four-cell box If the loom is 4 x 4,* this mechanism is doubled and 
two additional vibrators control die boxes at the other end of the lay. 

Box lifter chain 36 passes around sheaves to an adjustable rod 
fastened to casting 38 on the box lifter rod This casting is a sleeve 
which has a sliding fit on the box lifter rod and in rocker 39 Spring 
40 around the box lifter rod holds sleeve 38 down against collar 41, 
set-screwed to the bottom of the box rod Therefore, if the shuttle 



Fig 5 
Box mobon 
connecbons 
on head motion 
of a loom 
{Courtesy 
Crompton & 
Knowles Loom 
Works) 
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JS not fully m the box, as the latter rises the sleeve 38 will slide 
upward on the box rod and compress spring 40, preventing damage 
Spring 42 is used to push the box down, as it is best not to rely 
upon gravity alone This spring is guided by rod 43, the upper end 
of which IS held in a socket in the lay end by pressure of spring 42 
against a collar near the lop of the rod, and at the lower end it 
passes through a hole in collar 41 at the bottom of the lifter rod 
The spring pushes down on collar 41 which, as stated above, is 
fastened to the box lifter rod In this manner any box can be 
brought into play fay buildmg a box chain to suit the particular 
requirements 


Picking Motion 

The picking motion concerns the propulsion of the shuttle from 
one side of the loom to the other at the rate of from 100 to 180 
picks or passes per minute It is one of the most important motions 
on a woolen and worsted loom and consumes three quarters of the 
power required to run the loom It is the motion which makes the 
peatest noise on the loom and commands the most time from the 
loom fixer The picking motion is explained by means of Fig 6, 


13 
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ihc h), particular!) Ihc metal race or race plate IS on which the 
shuttle lra\eis hack and fortli from one side of the loom to the 
other At each end of the la) arc the shuttle boxes and their parts 
The reed sets across the lay, behind race plate 18 and hand rad *12 
and shuttle guard <13 into back staj 36, whicli holds it and the hand 
rad or reed cap in place 

In the center of the lay is found the ctiiter-rdlmg stop motion, 
indicated by the opening at 37 to 39 The lay in oscillating forward 
and backward scr\cs to let the shuttle pa'^s and beat the filling, so 
introduced, into the cloth. 



Letting-off Motion 


*T*li 

simolp ^®t-off on a woolen and worsted loom is comparatively 
It IS nf A sense effective and satisfactoiy in most instances 

warn VO ^ typK^ frictional let-off type and concerns the supply of 
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Figr 8 Assembly of warp let-off motion and parts 


. consists of round wooden core 19, flange 27, 

latchet 21 and 22 and the pawls 24 and 25 The assembly of the 
in bearings 6 and 10, provided with cap and devis pin 
r stationary position, but at the same time to permit easy 
beam The ratchet and pawl arrangement 
beam and warp have to be backed up, when a 
P ^ woven cloth has been made Friction is provided 

or beam head 23, by metallic friction 
band 14 covered on the inside with leather One end of the friction 

® then laid around the smooth portion 

edJe graves, and the other end is fastened by kmfe- 

f f notches or grooves in friction lever 1 1 

are SS 11 is weight spindle 15. on which 

in tfi weights 16, 17, and 18. laying on the floor 

pends nn tifp amount of weight or friction required de- 
leaver wa'Jjti! 25 ^0 ^0°*” beam and how tight the 

4i commonlvV« '^be warp is passed over back roll 

y nown as whip roll, which rests in poppets 3, which 
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pennit rotaljon or can be sct-screwcd down The beam heads are 
adjusted by means of a collar and set screw at the time the warp 
>s beamed. The described arrangement is a friction let-ofF and when 
the warp beam is removed it is easily and quickly taken apart and 
replaced Adjustment of the friction and weighting of the uarp are 
made by the weaver as he weaves the warp do^\ n 
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Full cit‘cp,citc let-o^ ihotioi. This let-ofE is completdy automatic 
a'id has no connection ith any moving part on the loom. A whip 
•■jll controls the letting off of &e warp and provides the same wnth 
the necessarj' tension for weaving. Outstanding features of this 
la-off are 

1 The whip roll mounting is such that there is no torsion nor 
:v »5t to the warp In other words, the whip roll alwa\s mo\es 
parallel with the beam Further, this parallelism is easily adjusted 
or corrected 


2 The tension supplied oy the weights is so applied to the whip 
roll that It IS positi\eh uniform across the entire warp. 

^ 3. The tension weights are at one end of the loom in an out-of- 
the-way position. 

A *Hie let-off operates on the escapement pnndple and, therefore 
requires no power to operate. 

_5 The let-off can if required be operated manually by means 
or tne handwheel (18 in Fig, 9V 
6 The oscillatmg whip roll acts as an easing motion and materi- 
aiij aids tender warps, reducing oroken ends to a minimum 
.A.S shown in Fig. 9 the let-off consists of a pair of beam stands 
attached to the loom sides. Numeral 1 shows the left-hand beam 
stana to which the let-off mechanism is attached This stand con- 
tains a oeani ^cket provided witii a cap and e^e bolt for holding 
tne beam bearing in position Vertical!} adjustable whip roll poP" 
pets 2 are pivoted at 3 on a stud in whip roll stand 20 AYhip roll 
T IS lorced to the rear by means of pressure le\ ers 5. These le\ ers 
are joined by means of connector rod 6 in order that they will moAC 
in unisOT. Connector 7 joins connector rod 6 with weight le\er S 

w’eights are suspended 

beam head or its equivalent 9 meshes with a pinion 
on gear 10, which in turn meriies wuth the pinion on the same shaft 
as gear 11 This in turn meshes with the pinion on Ae escapement 
wheel or ratdiet 12 

The Tree rotation of ratchet wheel 12 is preiented bv means 

PJ'Oted as at 13 on an eccentnc 
rat^et lever has a concentric brake shoe, which is 
pwoted on tlic brake lever 15 

. lc\er is attached by means of weight ie\er connector 

iv ~ ^^ressure is applied to brake le\er 15 bv spring 

pipe 21, and adjustable anchor 25. 

IV tension of the warp increases, the whip 

> puucd Tonvard thus raising eight le\ er S until collar 19 
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cxcrls sufficient pressure on the under side of orakc lever IS lo 
release the brake, Uius allowing ratchet lever 14 to oscillate and in 
so doing, the whole gear train will allow the beam to turn until a 
sufficient amount of warp is delivered to permit the whip roll to 
Swing back, the weight lever to depress sufficiently so that collar 19 
moves away from the brake lever, and thus allows the pressure of 
spring 17 to apply the brake and momentarily prevent the beam 
irom turning This cycle of operation takes place automatically 
without attention. In the actual running of the loom it will be 
found that when the beam is full and a small amount of letting off 
■s required, ratchet 14 will move very little for each pick, in other 
words, It may assume several positions for a single ratcheting By 
j ® ®^*'f‘>’gcmcnt it is obvious that the coarseness of the ratchet 
ceth has nothing to do with the exact amount let off at each pick 
^ ®®^*^l^ting whip roll automatically maintains a constant tens on 
^n the warp and ncutrahres any unevenness of the operation of 


Take-up Motion 

t?ke-up motion exists to take up the cloth just as fast as it 

brea^t^h located under the 

St beam and is driven by the upper driving shaft of the loom 

Ramely^*^^ types in general use on woolen and worsted looms, 

2 f^tchet-type take-up 
■} . recent worm-type take-up. 
d purpose high-rolI take-up 

'‘Ider^^n The ratchet type, in common use on the 

depends on the movement of an ex- 
it IS rpn pushrod, and pawl driven from the crank shaft 

fated sand roller or take-up roll 27 in Fig 10 be ro- 

of accordance with the speed of the loom and the num- 
eloth inserted into every inch of the woven 

’n Pie TiV^ accomplished by means of a senes of gears (as shown 
iiiiportani- t carefully designed to perform this most 

'^uiforniif of the loom On it depends the quality and 

’^I'enumfi woven cloth as far as the filling is concerned 

’dumber of ^ ratchet wheel often corresponds to the 

footh of inserted into the cloth, assuming that one 

the rat h wheel corresponds to one pick in the cloth 

^bet motion the cloth passes over a high take-up roll. 
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which IS covered with perforated tin or fine sandpaper, wound 
diagonally on the arcumference of a metallic roll and provided with 
wooden plugs for tacking down. This roller rests by means of shafts 
m plam beanngs and its rotation is controlled by a senes of gears, 
such as are shown m Fig 10 From there the cloth passes three 
quarters to seven eighths of the way around the circumference of 
the take-up roll, over a guide roll 3 and down to the cloth roll 29, 
slotted for clamping the beginning of the piece 
Worm-type take-up. The ratchet take-up has been largely re- 
placed by Ae reverse worm type of drive Figure 10 shows a wonn- 
driven lower roll take-up This take-up is always connected to 
the head drive and is automatically reversed with die head motion 
The weaver, therefore, when picking out automatically turns back 
the take-up an equal number of picks 



I? Worm-t>pc takc-up motion 
(Cpnr.«y Crom{>ton & KnoiPles Loom Works') 


In the lower roll take-up the cloth, after passing over the breast 
pes around sand roller 27 from the front; around and up 
'ir./i ® good part of the roll in order to be firmly hrfd, 

ann then over pressure roll 3 on down to shell cloth roll 29 The 
P-essurt roll is removable and all iron Sand roller 27 is driven by 
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a senes of gears (24, 8, 9, 20) , which have 75, 26, 44 and 41 teeth 
respectively m this particular arrangement^ On the sleeve of 
20 IS fnction clamp 22 with adjustable springy and wing nut, which 
IS connected with a hand wheel 34 on which worm gear 33 is 
attached and is changed for various pickages This gear is run by 
a worm (single or double) which is driven by the crank shaft 
This IS a more positive take-up drive and gives better results 
The hand wheel on the worm shaft serves the purpose, in case of 
a pick-out, to rewind the take-up roll to the point where the fell 
of the woven cloth is back flush with the reed. The cloth or cut 
when woven can be removed readily by means of stop handle 26 
and sliding block 25 The cloth roll is provided with a slot and a 
wooden slat which permit clamping on of the cloth to get it started 
on the cloth roll. 


All-purpose high-roll take-up. There is a take-up motion which 
combines the advantages of high- and low-roll take-upS, and by the 
use of pressure rolls and increased wrap of the cloth about the 
take-up roll, overcomes &e necessity for die use of steel surfacing, 
mus aiding in the weaving of many fabrics containing silk and rayon 
decorations The purpose of the high-roll take-up is to minimize the 
slippage on the take-up roll, the cutting of rayon decoration yarns, 
selvage troubles, and temple cutting. 

, advantage of the high roll, as compared to the low roll, is 
distance from the fell of the cloth to the bite of the take-up 
roil The cloth has less opportunity to contract and thus lies wider 
^^'Up roll. This means less strain on the temples 
rea ^ low-roll take-ups have been preferable for several 
t ^ large amount of beat-up was necessary (as in 
high-pick gabardines), because of the greater distance 
from , oil the take-up roll, damage to the cloth 

®teel surfacing or sandpaper coarse enough to hold was avoided 
degree, but not wholly. One cause of this damage is the 
contract on the take-up roll at the beat-up 
of iVi7« take-ups are so designed that the surface 

timpc roll moves faster than the take-up roll ; also many 

to hcln enough friction on the winding roll 

pick When this is true and it is necessary to 

roll red«?« take-up, the greater speed of the winding 

between fte winding and take-up rolls and 
takSlm Sii sandpaper or steel surfacing of 

thu not two fdt^rovered pressure rolls changes 

) not only hold the cloth without any help from the wind- 
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.'>f; -ill, but il IS also possible to use a surfacing on the 
>}( -htch ts smooth enough to prevent any 
or r. >on decorations It is even possible to weave ‘hard oca 
vto.,'*? nluri passing directlj to the take-up roll (as in example 
F g il), and thus reduce the strain on the temples. 

Die oll-purpose take-up makes use of a chain drive 
I d c-up roll to the cloth roll, and thus reduces defects suen 
i.iit vtn do til resulting from backlash in worn take-up gears 
Figure 11 shows four methods of threading the cloth aroun 
iijc Jakt-up roll and pressure rolls to the cloth roll. 


^ B C 
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The following is a tabulation of the distance between the reed 
when the lay is on front center and the line of contact of the woven 
Cloth with the take-up roll is according to the four arrangements 
shown m Fig 11, It also gives the angle of wrap in each case 


A 

B 

C 

D 


Tropicals 

Flannels 

^bardines (light) 
t^abardines (heavy) 


Distance Wrap 


C-4 Take-up 

tV-3 Loom 

C-4 Take-up 

W-Z Loom 

12Ji' 

12 

256“ 

237“ 

12M' 

12J^' 

256“ 

237“ 

ISVs" 

181%' 

284“ 

295“ 

24%' 

2SH' 

261“ 

245“ 


Center-Filling Stop Motion 

A center-filling stop motion will be used wherever cloth perfec- 
the”/^ because this type of filling-break indicator stops 

rest when the break occurs and brings the lay to 

ta? reaching front center Therefore, two important advan- 

gained over the side-filling fork , first, the reed stops before 
and cloth which will prevent marking the fabric , 

for of the pick fault may be made immediately. 

It stops before the harnesses change 

occur! certain types of filling and also when the break 

still Ha ^ j shuttle flight, the stop motion fork may 

next n t k filling and so fail to stop the loom until the 

stoD in*'t ’ “'^*'^°*^^^tions of this sort arise with any style of filling 
tJve if n However, the center-fillmg stop motion is very sensi- 
is nnf set, and failure to indicate the broken pick instantly 

"y^common ^ 

'veil m center-fillmg stop motion is located in an open 

Jccting- d ^ portion of the race, the free end of the fork pro- 

"back toward the reed When the lay moves toward the 

tbe Warn f position of the crank, the fork tilts upward through 
blline if ^5 enough to allow the shuttle to pass underneath, and the 
the fork Hid under the fork With the beat-up of the lay, 

P^ctiiiP- ifc downward upon the filling and is held from com- 
Portine th “c^^^'vard motion by the grid effect of the warp sup- 
'^ondition tli"*# ^ against the light pressure of the fork In this 
off lever ’ holds the knock-off arm away from the knock- 

The f* 

Hcrefore^rti^r ^ork does not reach as far as the reed, and 

c fork IS pulled out of the shed just before the reed 




Fig 12 Details o£ center-filling stop motion 
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reaches the fell of the cloth for the final the 

no filhnfr is present tinder the fori: as the lay , connection 
fork drops into its ucll m the hy , and, ' *. ttnock-off lever 

the knock'off ann is moved into contact ^ , chioocr rod’ 

uhich in tuin contracts \%itli the lexer fastened to PP 

causing the loom to slop . „ ion Tr.n,ri«r fork 1 

Assmblv Oh the lay (See sketch 3, I'lg* 1 )• 4 

IS pnolcd'on stand 2 and is connected to lever 3 ^ 

As the laj moves back and forth, knock-off arm y p 

face of cam 6 , arm 5 being held against the cam \y 
1 is therefore tilted upward as the lay goes backwa . P 

downward as the lay moves forward . hreast 

Assembly on the breast beam Stand 8 , .. Ujcast 

beam The foot of the stand in contact wiUi the Jfcc of the brea^s^ 

beam is equipped with adjustable screws so that ti Knock-off 
stand may be accurately adjusted in relation to th y 
lever 9 proj’ccts above the lug stop on stand 8 as s low filling 
3 and 5, Fig 12. If as the laj comes forward there is no filling 
under fork 1 . arm 5 will follow cam 6 and so engage lever ^ which, 
through lever 10 clamped to the brake tube, will 
When the loom knocks off, spring 11 clamped to th® ® .PP . 
pushes shield 12 (see Fig 12) back by the action of the <Jouble-arm, 
intermediate lever 13 The shield rises above the top of stand b 
and the top of knock-off lever 9 because of the shape o , . , -j 
cam slots through which it is held to the stand, as shown >h sk^ch 0 
When the shipper is pulled on to start the loom spring 
upward away from lever 13, thus releasing pressure against sh eia 
12 , which, however, remains up owing to the dwell in the cam 
guiding It On this first pick there is apt to be no filling und^ tne 
fork and so if it were not for the shield, the loom would knock ott 
The shield, however, remains up only for this first pick bee 
advancing arm 5 , after sliding along the edge of the shield and 
past knock-off arm 9, strikes the end of cutout^ 14 in the s , 
pushing it forward and so dowm into inactive position as illus ra 
in sketches 3 and 4, Fig 12 
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place it by a new bobbin or cop filled with the same yarn, from a 
filling supply board at the loom He was then obliged to thread the 
filling yarn through the eye of the shuttle, replace the shuttle in 
the box from which it was removed, and start up the loom. This 
entailed considerable time and work and delayed production every 
12 to 18 inches of woven cloth When 2 oi more shuttles or filling 
had to be so replenished the production loss was that much greater 
To make the operation of \voolen and worsted looms more nearly 
automatic and replenish the filling yam supply imthout the removal 
of the shuttle and without stopping the loom at all, the automatic 
stationary magazine was invented This is a filling bobbin replen- 
ishment attachment, commonly known as the “magazine”. It con- 
sists of five distinctly separate and intricate mechanisms referred 
to here as the magazine, the feeler motion or detector, the thread 
cutter, the color indicator and the thread holder 

In woolen and worsted looms the magazine consists of 4 cells, 
which means 4 different kinds or colors of filling can be woven 
and replenished automatically It has a capacity of 34 full bobbins, 
that IS, 8 or 9 bobbins in each cell The magazine is located on the 
side of the loom that has only a single box on that end of the loom 
This requires that there shall be not less than two successive picks 
from any one bobbin, as the shuttle must return to the drop box 
end before a change of shuttles is possible 

The color indicator operated from the box lifter chain is the 
mechanism which assures that a bobbin of the right kind or color 
of filling will be placed in the proper shuttle It also makes it 
possible to retain an indication of the absence of filling yam until 
the shuttle containing the nearly empty bobbin is again called into 
action The feeler, or detecfor, is the device which each time the 
lay comes forward, reaches through a slot in the metal binder and 
the front wall of the shuttle and feels the bottom end of the bobbin 
to detect the presence or absence of filling yam 
When the amount of yarn on the bobbin is sufficiently reduced, 
the feeler slips sidewise and this indication is passed to the maga- 
zine with the result that at the proper time, the empty bobbin is 
ejected through the bottom of the shuttle into a can A full bobbin 
rom the correct cell in the magazine is now transferred to the 
s uttle in its proper position without slowing or stopping at the 
ront-center position of the laj The bobbin is provided with 3 
s eel rings, which are held by strong spring clips in the shuttle 
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W\ this takes place mstantiy and at the time the lay is m a 
cuts and ^ds the 

bobto It also serves to evoke an ind.cat.on from tne mag 
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the shuttle is not properly boxed on the pick on which the 
IS to be made The thread holder serves to bold m reserve the 
filline ends from all the bobbins in the magazine Vibration set up 
by the operation of the loom causes the two gears between which 
the filling ends are held to rotate inwardly toward each other and 

thus take up any slack there ^ 

Figure 13 shows the automatic magazine m its details and luiiy 
charged with bobbins A complete description of all its parts, mo- 
tions and adjustments is found in a booklet which can be secured free 
of charge from Crompton & Knowles Loom Works Due to its 
intricacy and the space required for a detailed description, it is 
omitted from this text 


Warp Stop Motions 

Two types of warp-stop motions are employed on woolen and 
worsted looms While they are not absolutely necessary, they are 
used on worsted warps of fine yarns and in goods where missing 
warp ends cannot be tolerated They serve the purpose of stop- 
ping the loom when a warp yarn breaks during weaving In other 
words, this device is the watch dog over the warp yams, just as 
the filling stop motion sees that each pick is properly placed 
The location of this stop motion is usually between Ae backroll 
(whip roll) and the lease rods, and nearest to the back or whip roll 
There are two types of stop motions in common use 

1 The mechanical warp-stop motion 

2 The electrical warp-stop motion 

The electrical stop motion is preferred bv some, others think the 
mechanical stop motion is more positive The preference lies with 
the mill superintendent and is purely a matter of what type of help 
IS employed and what the loom fixers prefer and like to work on 
Mechamcal warp-stop motion The Crompton & Knowles me- 
thanical warp-stop motion (Regan type) is simple m construction 
and operation quick to indicate a broken warp thread, and readily 
•'d instable both in the indicating mechanism and drop wire capacity 
It IS a very easy motion to mamtain in perfect operating condition 
because of the very few parts and their simplicity Moreover, the 
entire indicating mechanism is above the warp, so that it is not m 
a position to be affected by the collection of lint, as is frequently 
the case where the indicating mechanism is located under the wa^ 
A further advantage in having the motion above the warp is the 
convenience for the operator 

Experience has shown that it is advisable that a warp-stop motion 
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should be made an integral part of each individual loom and not 
dependent for operation upon agencies foreign to the loom itself 
By properly setting the driving cam the motion may be set to knock 
off the loom with the lay in any desired position. The Crompton & 
XCnnwlf^c 


^owles mechan- 
ical warp - stop 
motion (Regan 
type) is readily 
changed from one 
width of loom to 
another by replac- 
ing the oscillating 
rods and frame 
bars with others 
of the proper 
length 

Wherever a 
large number of 
ends per inch m 
the warp are en- 
countered, a mo- 
tion having six, 
or occasionally 
more, banks or 
rows of drop wires 
IS employed Con- 
ditions m this re- 
spect Will natural- 
ly vary, depend- 
mg upon the size 
of the warp yarn 
and the thickness 
of the drop wires 
used It is not 
necessary, how- 
ever, to use all the 
rows available, but 
only a sufficient 
number of oscil- 
lating rods to take 
We of the num- 
oer of wires which 
the warp demands 



Fig 14 

Stop-motion drop wires 
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One so-called “drop wire” rests on each warp thread (See Fig 
14 ) The proper operation of the motion depends upon an interrup- 
tion in the movement of an oscillating rod which passes through a 
slot m the upper part of the drop wire The oscillating rod is flat- 
tened on two opposite sides, and is free to turn to one side and then 
back into vertical position as indicated in Fig 14, A and B, which 
shows the normal operating position of the drop wire with the 
narrower upper part of the enclosed head opening held above the rod 
When a warp thread breaks, the drop wire falls and the con- 
stiicted head of the wire fits over the flattened sides of the oscillating 
lod, Fig 14, C, which is consequently prevented from turning, ex- 
cept for possibly a harmless slight bending of tlie drop wire under 
the strain of the driving spring This condition causes a trip to 
knock off the shipper handle and so stop the loom Below the warp 
and on each side of a row of drop wires 
are so-called frame bars or separator bars, 
which act to resist the twist of the drop 
w'lre when holding an oscillating rod, to 
keep the rows or banks of drop wires in 
pioper alignment, and to a certain extent 
as a support for the warp under the drop 
w’lres 


iMfie 



Elcchical %ua>p-stop motion The gen- ^ ^ ^ liNSULATJOfi 

eial principle of a warp-stop motion hav- 
ing been explained, it will require no repe- 
tition A so-called drop wire, of which 
there is one for each warp thread, will, if 
It falls due to breaking of the thread, com- 
pletes an electrical circuit which will act 
to stop the loom 

The drop wire and its relation to the 
chop wire bar is illustrated in Fig 15 In 
this diagram A shows the wire held up 
by a thread and B a wire which has fallen 
and has closed the circuit to stop the 
loom The wire and the bar act as a 
switch The drop wire bar which passes 
through the heads of each row of drop 
wires (each row making a “bank”) con- A B 

sists of two members insulated electricallv t- , r ^ j 4 « 

from each other The outer memher of Ihfs 


GROUNDED ELEMENT 
1 / 

DROP 
WIRE 
BAR 
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<lccl bar grounded to the loom trUirother center 

extended bc\ond the outer one and is cornu etcu 

members of the bank. ^ cimwn in ImK 15 contains 

Tltc slot in the top of the ^Ln the wire 

two equal projections, one at c.ich s • . j projections 

talk as sl.Ui m B of F.g >S, « ‘o ^ IhTconlaets being on 
touch the two sections of the ! i the design of the 

opposite sides of the bar. It not be placed on the 

Wire and bar is such that the drop front to 

warp in any particular position , that is. there 

the wire or the bar. . nunoorted at each end 

The drop wire bars or indicator . tber^and by this method 
Section heads arc used to clamp the ^ ® the same support 

from one to tw'clvc bars may be , jt jg gagy to lower or 

Changes and additions can be ^ rclv Also the banks may 
raise tlic entire motion and hold it s , J* ^ the harnesses by 
be moved fonvard or backward '''f lamping nuts on the 

varung the location of the section 

threaded horizontal supporting ^ rs of tlie drop wire bars 

As previously stated, tlie o^ter me ^ claniped 

are grounded electrically to center members of the bars 

firmly by the metal section heads T threaded bolts and 

are connected to the electrical circ n,,,(.Wv removable because 
spacers The whole connection found that ordinarily 

the ends of the bars are slated “ , without a center support 

this warp stop motion is sufficiently rg^ swords On wider 
on looms up to and including 56 mche y^arp, a simple sheet- 

looms, if there is considerable draw of ,3 fur- 

metal center support fastened to the & 
nished. 

Protection Stop Motion 

The protection motion on a teoken when a shuttle 

loom and protects the warp not complete its journey 

gets caught m the shed and m case it smash would result 

from one box to the other I® such -j^jetunes called a ‘smash 
which IS the reason why this device ^ jg shown 

protector” The assembly of this device ot 
in Fig 16 , finders (16 and 17) 

The assembly consists of two protec when the shuttle 

on the sides of the loom, which are presse no 

readies or is in either box If it does not reacn 
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shuttle IS in use at all, it is not pushed out, but keeps pressing by 
means of spring 13 against the binder leaf in the shuttle box There 
IS a dog on ea^ end of the protection rod, which fits perfectly into 
a knock-off lever stand, plunger, and spring (2, 3, and 4) Device 5 
serves the purpose of knocking off the shipper handle, which keeps 
the loom running and stops it when moved by the dogs 

Should the shuttle at any time get caught in the yarn shed and 
not reach its boxes the dogs on the protection rod are not depressed 
and engage their adjustment with knock-off levers 5 and 6 which 
disengage the shipper handle and apply the brake, stopping the 
loom almost instantly The length of the protection dogs keeps the 
lay and reed from smashing the shuttle and warp where it happens 
to be, which would result in costly repairs of the warp yams and 
replacement of the shuttle itself The device is simple yet very 
effective, and saves many smashes and shuttles It is indeed a safely 
device on modem woolen and worsted looms, and requires little 
adjustment during operation 


Types of American Looms 

The lV-2 lootn. This is a twenty-harness loom, built along auto- 
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motive principles, with finished surfaces, roller bearings, and pre- 
cision parts The following shuttles and their parts are available 
Worsted. 

1654 in X I’We m x 1}4 in (bobbin 8 in x 1J4 m). 

1754 in X l^e in x 154 in (bobbin 854 m x 154 m maximum) 

Woolen 

18 in X 254 in X l^He m (bobbin 854 m x 154 m) 

The W-2 loom is provided with either the high- or low-roll type 
of take-up, and either steel-band friction or full automatic let-off 
Loom beams of 24 inches diameter are now standard (28 inches 
maximum) The maximum width between swords is 96 inches 
This loom will weave the lighter weights of woolen and worsted 
men’s and women’s fabrics. One weaver can operate four, six, or 
eight of these looms, depending upon the character of the goods 
Twenty-four looms is the average loom fixer’s unit Efficient loom 
speeds are dependent not only upon the width of the loom but also 
on the t)rpe of material being woven However, common speeds for 
82-mch W-2 worsted looms are 134 and 142 picks per minute The 
W-2 loom is now available in the following basic constructions 

Automatic worsted 2x1 and 4x1 box 

Convertible worsted • 4x1 box automatic and 4x4 hand-fed 

Automatic woolen 4x1 box only 

The W-3 loom This loom provides for twenty-six harnesses and 
IS built stronger and heavier than the W-2 loom It has precision 
parts, finished surfaces, and is roller-bearing equipped The fol- 
lowing shuttles and their parts are available 
Worsted 

1^ in X 1% in X 154 in (bobbin 8 in x 154 m) 

1754 in X l*94fl in x I 54 in (bobbin 854 m x 154 m maximum) 

Woolen 

in X 254 in X l*Ma m (bobbin 854 m x 154 m ) 

1954 in X 254 in X I’M# in (bobbin 1054 m x 154 m ) 

Three types of take-up are available* high roll, low roll, or the 
so-called "all purpose,’’ which is a high-roll take-up A 16-inch 
diameter roll of cloth can be wound on the low-roll take-up , 19-inch 
on the high roll; and 20-inch on the all purpose These looms are 
built up to the maximum width of 120 inches beti\ cen sw ords The 
Ict-oflf can be cither steel-band friction or full automatic The stand- 
ard loom beam is 24 inches in diameter (30 inches maximum) The 
loom will weave anj' woolen or worsted fabric that the trade will 
require Four, six, or eight looms per wca%cr is a common occur- 
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rence An average loom fixer’s unit is twenty-four looms As in 
the case of the W-2 loom, the efficient speed of the W-3 loom de- 
pends upon the width of the loom and the character of the cloth 
being woven Speeds of 134 to 140 picks per minute on 82-inch 
looms are common. The W-3 loom is available in the following basic 
constructions 

Automatic worsted 4x1 box only 
Automatic woolen 4x1 box only 
Convertible worsted . 4x1 box automatic 
4x4 box hand-fed 
Convertible woolen 4x1 box automatic 
4x4 box hand-fed 

All-purpose worsted 4x1 box automatic. 

4x4 box hand-fed 
4x2 box automatic filling mixing 
(one kind of filling only) 

All-purpose woolen 4x1 box automatic 
4x4 box hand-fed 
4x2 hox automatic filling mixing 
(one kind of filling only) 

4x1 box automaUc loom This is the standard type of loom 
There is a four-cell shuttle box on the head end and a single-cell 
box on the magazine end Four types or colors of filling can be 
woven automatically No less than two picks can be taken consecu- 
tively from any one shuttle because of the single box on the maga- 
zine end 

Convertible loom This loom can be operated 4 xl box automatic 
as described above or the magazine can be turned back or removed 
from the loom and a four-cell shuttle box substituted in place of 
the single-cell box on the magazine end With four-cell shuttle 
boxes on each end, as many as seven shuttles can be operated pick 
and pick, and is, of course, hand-fed 

The W-3 loom is now available with “all- 
purpose construction ” If complete equipment is purchased with 
this loom, it can be operated in the following different ways 4x4 
box hand-fed, 4x1 box automatic, or 4x2 box automatic (one kind 
or color of filling only) With the final arrangement, three, four, 
or five shuttles can be run consecutively, single picks, for mixing 
one type or color of filling All cells of the magazine are used as 
a common reservoir for replenishing filling for all the shuttles. This 
IS not a pick-and-pick automatic loom 


Chapter 17 


WOOLEN AND WORSTED WEAVES 


T he manufacture of woolen and worsted fabrics of all descrip- 
tions requires a knowledge of textile design A piece of cloth 
can be compared to a bridge, die design of which requires an 
engineer and draftsman before construction In the woolen mill, 
the designer is the engineer or draftsman Upon him rests the con- 
struction of a cloth, its composition, or weave structure, the amalga- 
mation and combination of such weaves, and the mixing and blend- 
ing of colors Hence, a textile design may be compared to a 
blueprint of a cloth, and represents the specifications of a fabric 
On this design or pattern, planned ahead of actual production, 
depends the success of any line of fabrics and, subsequently, that of 
the mill itself 

A study of weaves involves their application to various kinds of 
yams, constructions, and weights Each mill keeps its own records 
of patterns, designs, drafts, and samples made The designer is 
technically trained in all practical mill operations and is required to 
possess a natural sense of color harmony. The finished plan or 
design of a fabric is usually so complete that any boss weaver, 
finisher, or any department head knows or can learn from the layout 
exactly what is wanted without further questions He specifics all 
details concerning the composition, finished appearance, and wcijrht 
of a fabric ' 

Methods of Describing Weaves 

Use of design paper. In order to be able to do this prcparatoiy 
work intelligently and thoroughly certain means arc placed at the 
designer’s disposal One of his most important tools is cross-section 
paper, also known as “squared” or design paper, on which he desig- 
nates the wcaic or combination of wcaies, the drawing-in d'^ft, and 
thc^ sequence and arrangement of the harnesses of a loom The 
decign paper consists of fine and hcavw black or hhie lines, nrining 
at equal distances both honroiitalh and lerticallj The piper coo-es 
in large sheets or in pad form, depending on the <t-c reqi”'r>l O’* 
most coiucnlent. 
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The oDject m using this paper is to portray the mcdiod or system 
by v.'hich the individual warp and filling yams will interlace to form 
the weave of a fabric Figure 1 shows the most common woolen 
and v'orsted v/eaves, and gives an illustration (somewhat reduced) 
nf the paper used and how the weaves are designated on it In order 
to imderstand this more clearly, it should be explained that the 
spaces between the fine vertical Imes represent the individual warp 
threads or “ends,” whereas the spaces between the fine horizonti 
lines represent mdividual filling breads or picks in a dodi. The 
occasional heavy lines merely aid in counting the spaces more 
readily, being spread eight, ten, or twelve squares apart in either 
direction 

Since the wrap or “ends” run lengthwise in the fabric or loom and 
the filling picks are mserted horizontally and at right angles to the 
warp, there are only two possibilities of interlacing. Any indiwdual 
warp thread can otdy lay on top or over the filling thread, or under 
it. indicate whidi it is meant to do on design paper, the square 
ran be left blank or it can be filled in with a cross or completely 
filled in with pencil or mk If the square is left blank, it means — ^to 
all designers— that the particular warp yam is to he below the par- 
ticular fillmg pick at that intersection. If die square is filled m with 
a cross or completely filled in, it means that the particular waip 
yam is mtended to be raised over or he on top of the particular 
fillmg yam or pick. Hence, all crosses, dots, circles, or other marks 
m any square m the design paper represent raised warp threads, 
t^ess otherwise specified by the designer This system of designa- 

textile designers and technidans, and is 
used.ui_the followmg p^es 


Verbid designation of weaves. As an alternative to using design 
expressed in other ways in conversation and in 
“un" nr Ming threads are designated as being 

up or down. Hence, the plain weave could be stated in a letter, 

for instance, in the manner The word “up” or the figure 

t^ae Ap the number of threads raised on each pick, 

Sh t, f designates that 

such threads should be lowered for the fillmg to pass over. For 
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Fig 1 Twenty-five common weaving designs 
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instance in the case of the basket weave, it can be stated as a 2 by 2 
2 

basket, or a basket This method of description applies very 

2 

v/ell to the simple weaves but when it comes to twills and satins, 
stating just the threads up and down is not sufficient The class or 
kind of weave and, in other cases, the degree of twill and so forth 
should be given to clarify what is meant Nevertheless, this does 
constitute another method of indicating the weave of a cloth, aside 
from drawing it out on design paper which, with the elementary 
weaves, is not ordinarily necessary 

The Plain Weave 

To illustrate this system by the simplest weave used in woolen 
and worsted fabrics, known as the plain, tabby, or cotton weave, 
reference is made to design 1 in the weave chart (Fig 1) In tbis 
weave there are only two single movements, one thread is up 
and one thread is down, or all even-numbered warp threads are up 
and all odd-numbered warp threads are down, and vice versa If this 
weave is made in contrasting colors, say white warp and black filling 
or vice versa, it would look exactly like the design pictured and 
resemble a checkerboard Of course, it must be borne in mind that 
the sequence of this method of interlacing cannot be broken or in- 
terrupted in any way, without interfering with the continuity or 
appearance of the weave throughout the width and length of the 
cloth 

The extent to which the weave is carried out depends generally on 
its repeat in both vertical and horizontal directions The plain weave 
in the illustration is extended to sixteen ends by sixteen picks, 
simply to show its appearance in both directions It is not necessary 
to It out as far and careful examination of the first, second, 
and third end (warpwise or vertically) will prove that the first 
two ends act exactly opposite with respect to the filling i e , where 
one IS up (that is, over the filling or filled out) the adjacent one is 
down or under the filling However, the third warp thread from the 
left ^ts exactly the same as the first thread, the fourth end acts 
1 c the second, the fifth like the third and first, and so on There- 
n ’u' weave really repeats itself every two ends by two 

pic s This IS the simplest method of interlacing the warp with the 
1 yarns and requires a minimum of two harnesses, shafts, or 
‘eaves in the loom to weave it Referring to design 1, the first pick 
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at the bottom, the warp threads one, three, five, seven, etc are down 
and threads two, four, six, eight, etc are raised in that shed At the 
next pick, threads one, three, five, seven, etc are up and threads two, 
four, six, eight, etc are lowered 

^ This weave is employed a great deal in woolen and worsted fab- 
rics, from the finest challis to the coarsest coating or carpet It gives 
an exceedingly strong, firm cloth and a smooth surface, but gives the 
cloth a harder feel and less elasticity than fabrics woven with other 
weaves This weave is commonly employed where a flat texture or 
face is desired Of course, the nature of the yam, the stock, the direc- 
tion of the twist, and the closeness or openness of the cloth construc- 
tion will affect the surface appearance of the finished fabric That 
IS true of all weave<« 

Derivatives of the plain weave There are three types of weaves 
derived from the plain weave which find much use in woolen and 
worsted fabrics They are the warp rib-weave, the filling rib-weave, 
and the basket weave The first two as a group are known as “rib” 
weaves, because th^ form ridges in the cloth in either warp or 
filling direction The simplest wav to form rib weaves is to weav e 
two orjaiore threads tog eth er, Tor an illustration, refer to 

design 2 m Fig 1 This is known as a 3 x 3 filling rib-weave, mean- 
ing three warp threads weave as one with single picks only, and 
that the rib thus formed would run in the direction of the warp 
They are made with two, three, or four threads, depending on how 
much of a rib is desired The three warp threads in each group can 
be drawn on individual heddles on each of two harnesses, or three 
ends into one heddle on each harness The latter method may cause 
rollmg of the ends over and under each other, which is objectionable 
in clear finished worsteds, for instance These can be alternating, 
regular, combined, or fancy, and constitute the source of many in- 
teresting rib effects in dress goods and men’s wear 

The next illustration or design is number 3 in Fig. 1 and con- 
stitutes a warp rib-weave Here each warp yam floats over three 
picks, alternating over or under and repeating, forming a rib or 
ridge in the direction of the filling in the cloth The one illustrated is 
a 3 X 3 warp rib weave They can be made in all even or uneven 
combinations such as 2 x 2, 3 x 3, or 3 x 2, 4 x 1, etc There is no 
limit to such combinations These nb weaves are valuable in that 
they alter or break up the monotony of the plain weave and find 
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considerable use in striping goods with or without color and in com- 
bination with other weaves as well 

Design 4 constitutes what is commonly referred to as a basket 
weave It is a derivative of a plain weave in which two or more 
adjacent warp and fillmg threads are raised and lowered together 
as if they were a single thread It produces a checkerboard effect, 
more pronounced than in the plain weave. The size of the squares 
depends on the number of threads working together The Basket 
v/eave illustrated in design 4 is designated as a 2 x 2 basket (two 
warp threads work with two filling threads) They can be made 
larger, such as 3 x 3, 4 x 4, 6 x 6, and 8x8 threads They can also 
be made unbalanced by using different numbers of threads, such as 
8 X 4, 2 X 1, 4 X 2, etc , giving unlimited possibilities Color can be 
made to play a part in these checks and many pleasing effects are 
obtained The warp threads working side by side can be drawn on 
separate shafts or on the same shaft In coarse woolen goods or 
closely set worsteds, it may be necessaiy to draw the grouped warp 
yams into one heddle to prevent chafing Because several picks are 
introduced into the same shed a binder thread at each selvage must 
M used to prevent the filling from being drawn in during weaving 
inis IS also true in the warp rib-weave 
In order to get squares of the same width and length, the same 
number of ends and picks per inch should be used If this cannot 
be done, and the warp is set closer than the filling, a weave having 
more warp than filling threads working togeAer is used to prevent 
the squares from becoming oblong or unbalanced Squares of differ- 
ent or alternating sizes can be woven in the same pattern also, pro- 
VI mg unlimited combinations These weaves are used extensively 
m womens dress goods and coatmgs as well as men’s wear Of 
derivatives of the plain weave become looser owing to 
the larger number of threads that are working in a group 


The Twill Weave 


mS its various ramifications is the one most com- 

Ss wS- 1 and worsted dress goods, coatings, and 

the olam « forms the twill weave is distinguished from 

diaeonal it develops a more or less pronounced 

fact that f weave is characterized by the 

t^the nrfit nr 1 ti^read is advanced one warp-thread 

course tSt .S preceding fillmg thread, assuming, of 

» all the floats are alike Twills can be classified in various 
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ways and the fol/ovving^ list covers the many different kinds used 
m the woolen and worsted trade . 


1 . 

2 

3. 

4 

5. 

6 

7. 

8 

9. 

10 

11 

12 

13 


Balanced twills or even twills 

Steep twills: 52®, 63®, 70®, and 75® 
Reclining twills: 38®, 27®, 20®, and 15® 
Right- and left-hand twills. 

Pointed or herringbone twills 
Broken or reversed twills. 

Corkscrew twills. 

Interlocking twills 
Offset twills 
Undulating twills 

Diversified, combination, or fancy twills 


The simplest twill that can be made is a three-harness twill, often 
called a prunella or filling-face twiU. These names vary according 
to the nature of the material or the relation of the warp and filling 
m the construction of the cloth Tins twill is illustrated in design 
IS (Fig 1) Close examination of this weave discloses that it is a 
45° twill and a "filling face twill " In written form it is expressed 

as a '45° twill, or a 1 up and 2 down 45® twill It is a 

2 

45° twill because it advances one end to the right with very pick 
It is a "filling effect" twill because two thirds of the filling shows on 
the face of the cloth and only one third of the warp, proportionately 
No matter from where one starts to read the weave, it is a one up 
and two down The weave repeats every three ends and three filling 
picks, but IS drawn out to 15 x 15 to show its appearance and effect 
in a cloth which has the same number of ends and picks per inch 
It can be noted that the first warp thread at the lower left comer 
IS filled in, meaning that it is raised above the first filling pick The 
first pick from the bottom passes under the first warp thread and 
over the next two warp threads (to the right) and repeats that way 
across the width of the fabric The second pick directly above 
(horizontally) passes over the first warp thread and under the sec- 
ond and over the third and fourth and so on repeating The third 
pick passes over warp threads one and two, and under warp thread 
three The next pick is just like the first, and the fifth and sixth 
picks just like the second and third, respectively Looking at the 
whole design, the twill is complete, continuous, and unbroken 
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According to the kind of cloth it is used in, desigjn 15 makes a 
ver)' fine and delicate diagonal If the warp ends are made of fine 
vorsted yams and crowded together, the tw'ill angle will become 
steeoer without employing a steep twill weave. If the picks are 
increased and laid closer together in the loom the twill line becomes 
ledimng The twull as it is showm is a right-hand twill (the usual 
wa\ of making it) , because it runs from the left to the right If Jt 
is reversed and made to run from right to left, it becomes a left- 
hand twill, w'hich is less common in the wool trade. 

To make this twnll a warp twill or “w'arp effect” twill, its 
formula, 1 up and 2 down, is reversed to read 2 up and 1 down 
The reversal will bring the warp to predominate on the face, 
w'hereas it showed on the back of the cloth previously 

Such twulled fabncs are generally more lustrous, softer, and more 
pliable than fabncs made with a plain w'eave In weaving, twill 
cloths take the picks much more easily than the plain woven fabrics, 
hence they can be set closer m the warp and reed, making the cloth 
heavier, everj'thing else being equal. 

Balanced or even twills The most common twill employed in all 
types of serges, gabardines, overcoatings, etc. is the cassimere, 
shalloon, or common tw'ill This weave is illustrated m design 5 
(Fig 1) It IS designated as the famous 2 up and 2 down 45° twill, 
which makes it a “balanced twill” because one half of the warp and 
one half of the filling show on the face Also, because it is made 
with an eve7t number of risers and sinkers in the weave pattern, it 
is known as the “even tw'ill ” It requires a minimum of four har- 
nesses m the loom and repeats on four ends by four picks Atten- 
tion is called to the angle of the twill, which is 45° with the hori- 
zontal It is continuous and unbroken 

In dwigning this tw’ill or making up other twills, one should 
always begin in the lower left-hand comer of the design as is done 
m design 5 It is noted that the 2 up and 2 down 45° twill shown 
commences w'lth the first warp thread (from the bottom) up on the 
first two picks, dow'n on the next two, up for the next two picks, and 
so forth as far as one wishes to go The second warp thread com- 
mences w ith 1 dowhi and 2 up, then 2 down, 2 up, and so forth In 
other w'ords, the raised part, which forms the twill line or diagonal, 
IS alway s advanced one pick This is characteristic of all 45° twills 
ihe thira w'arp thread commences with 2 down, then 2 up and 2 

twill has been moved up again one 
pick rhe fourth warp thread starts with one end up for one pick, 
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then down for two picks and up again for two picks and so forth up 
the line The next or the fifth warp thread operat^ esacdy like t e 
first, the sixth like the second, the seventh like the third, and the 
eighth like the fourth end, and so on Hence, the weave repeats 
on four ends and four picks as indicated This is one of the mos 
important weaves in the twill family 


Effect of yarn twist on twill The direction of the twill and the 
twist m the warp and filling yams have a great influence on the 
appearance of the twill in the doth I n order to make this pw- 

fectlvj)lauv-it-4s-^ecessar3r-rtcrSome to^aM~urtder5tandmg^bou e 

directiQjL.of-twist--in-singleMiKooleiL>OT worsted yarns Sni^e-\vooL„ 
-g^ nera llv twj sted-to— th e left^ the now * 

whereas single reverse-twist yams are generally twisted to the 
right or the now termed Z twist (A STM designations) Two-p y 
yarns usually have an opposite twist to the single-ply. hlence, an 
S-twisted warp yam used running from left to right in a warp twi , 
will make the twill more prominent If an indistinct warp twill is 
wanted, a Z-twisted warp yarn should be used. Ij^theT Words, jri 
t will fabr ics^ the clearness and pron iinen gg^f^ajyjn)! Jia(L<u:e^^.^^ 
tuatedlillfrei ^^'girditlori I s-^oDPSl]^ to, thg..sui;fa£e-diD^t>o>Lfif-^^ 
twistofm&^rn, with the reverse cmI3iEons obtaining for indistinct 
twills The wfliole relation of direction of twill to direction of twist 
in the warp and filling yarns is summarized in Table 1 


TABLE 1 

EFFECT OF YARN TWIST ON TWILL LINES 

Dtreclton of Twtll 

*Left to Right 

Right to Lett 
‘Left to Right 

Right to Left 

Warp Tvnst 

S 

Z 

Z 

S 

Filling Twist 

S 

Z 

Z 

s 

Effect in Clotk 

warp twiU sharp 
warp tivill sharp 
filling twall sliarp 
fillinr twill sharp 

Left to Right 

Left to Right 

Right to Left 

Right to Left 

S 

Z 

S 

z 

z 

s 

z 

s 



* Mo.t coneion conditions. 


In practical work, of course, these conditions are g'C-ilh niod'ficd 
bi the quality of the wool, the size, cinracler, .and tum^ o. tv r. 
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the yarn, whether it is single- or double-ply, closeness of the sley 
or “set" and also the finish of the goods Another circumstance 

I must be considered If the twill runs right and left alternately and 
/ it IS de'sired to have them equally distinct, right twist must be used 
f for the warp yarn m the left twill and left twist in tlie warp yarn for 
ft the right twill. These points are very important in actual practice 
|| and are often the decidmg factor between satisfactory and unsatis- 

II factory goods, high quality appearance, and so forth. 


Steep and reclining twills. While this variety of twill (also 
known as regular twill) is usually at 45° with the horizontal and 
advances one thread to the right or up until a full repeat has been 
obtained, there are other types that depart from this method and 
Mgle of diagonal They are the “steep” twills in one case and the 
“reclining or flat” twills in the other. The steep twills, as the name 
would imply, are twills that are steeper than 45° and run more 
toward tlie vertical These twills are formed when the warp float or 
twill line IS advanced two or more picks instead of only one above 
the float of the preceding thread as is the case in the common 45° 
twill and bnngs the twill line nearer the perpendicular. Steep twills 
are exemplified in Fig 1 by designs 6, 7, 8, and 10. 

The diagonal Imes m^ steep twills are closer together, but fre- 
(^enUy, owing to the filling floats on the back, are more promment 
thm the regjular twills They are commonly employed in whipcords, 
umform fabrics, tricotmes, gabardmes, and other women’s and 
men s we^ fabrics. These steep twills are made by advancing 
the twill by two, three, or four picks on each successive 

rad as IS dearly demonstrated by the twill angle diagram (Fig 
V to this figure, they are termed 63°, 70°, and 75° 

steep twills, advmcmg two, three, and four picks respecdvdy. The 
a conmmabon of one and two advances, but is not commonly 
n “stmc^ d«ign 7 is a 5 up and 2 down 63° warp 
10 IS a 7 up 1 down, 1 up 2 down, 1 up 
2 down, and 1 up 1 doim 63° fancy twill. Othe? 63° twills m 
ifig. 1 are designs 6 and 8 

twpfvp havmg an even number of shafts, say ten, 

onlv one Construction of a steep twill, 

maJv only one half as 

Sf^neiS! t linnd, if a regiar twill has 

resulting steep twff^ll have the 

twill with shafts m the pattern Again, a steep 

twill with warp floats using three pidcs at each succeeding thread 


WooLEX a2;d Woested Weaves 


requires only one third zs many shafts as are recaired for the Dase 


Jng steep twiil vrill require the same nurrrer of shafts as the b?se 
weave, 

'^ese weaves can be made with long- or short-fioat in:es, 
them more or less prominent. The twiK line, of course, is 


at is. ends and oicdrs 


pCi laca. It the set or the dotn is balanceo the tvr.il vnll run enactiy 
as planned. If the warp is closer set than the fillin g which is > e"*. 
common, the twili will be steeper than before. If the yam s'zes 
tu^er or are changed, the twiil angle wili aiso change to some extent. 
Hence, cautfon is required here, to prevent radic^ changes n: tne 
character and face of the goods when changing weaves or j-ams 
The reclining twill is used 

only occasionally and for special ^ 

ptirpo^. These twills decline | : : , . ■ , !■ 
from the 45® line and come 

same theory applies as in ere- 
sting &e ^eep twills, only in the 
opposite direction. ^Wien two 
nioves or ends are skipped it be- ■ J J -jiVsj*: 


beojmes a 20® declining twill; f 
snd V, hen a move of four is made |., 

it be<mpaes a 15® redining twiil |. " ■ r : _ j 

Pointed ard kerrlngboKc taMls, ^ ^ < j . j ■ 5 

Jhe term "nerringbone” twffl is ^^sr- 2- Dcg-ecs c: tvrXs. 
fPpIied to twills in which a sharp 

Oreak ocmirs when the twill is reversed, espedally ;.'hen it runs icr 

a • S rtr 


ouch, weaves are common in ladies and men s su’tings arc CGC*i'"gs 
The pointed twill is ver>- snnilar to the herring^ne, Ir fact .’ra-’,. 
null men draw no distinction beti^ een tne tv> o in that the twi.1 is 
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reversed without making a break or that it is reversed after it is 
allowed to come to a point This system forms the basis for damask 
diamond, zigzag, and honeycomb weaves, the latter of which is illus- 
trated in design 18 of Fig 1, and gives wide opportunities for 
matching fields, squares, and checks created by weave only When 
colors are applied many interesting and vivid contrasts can be origi- 
nated The pointed herringbone effect can be created with a twill 
chain and a pointed drawmg-m draft (see designs) The twill m a 
herringbone weave can also be arranged to bring the points at the 
side of the design The pointed twill patterns have the general 
defect that the float at the apex is nearly double that of the other 
floats When it is important to have them short and practically uni- 
form, risers are removed or inserted at that point Of course, this 
increases the number of shafts required in the loom 


Broken or reversed tv/ills. By breaking the twill line or prac- 
tically reversing the direction at mtervals in regular or irregular 
fashion, many attractive patterns can be created The twill can be 
reversed in either the warp or filling For instance, a 2 up and 2 
down twill can be reversed every two warp threads and while the 
warp threads still weave two up and two down, the reversing of the 
twill causes every alternate pick to interlace the warp in plain 
weave order If the twill is reversed in the filling, the latter 
becomes more prominent than the warp, which is stitched (bound) 
more closely This applies to the balanced twills only These weaves 
are used in woolen friezes as they show no twill at all 

Very mtere^ing designs can be created by rearranging the parts 
m a twill so that two groups of threads, with the twill running in 
the same direction, alternate with two groups running in the oppo- 

reversing the twill m accordance with 

ladder effects and crisscross twills, 
commonly employed in fanc} worsteds 

peculiar feature of corkscrew or double 
which combination of two or more distinct twill lines, 

^^so called diagonal ribs 
*fin» ^ corkscrew fabrics such as spat goods woven of 

shmNn in Fig^ l^dMignT?" ^ corkscrew weave is 

nig reversing, deflecting, and wav- 

B ating the tw lU Ime. They may be developed with warp 
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as well as with filling floats The twill can be run alternately to 
the right and left in order to bring about an undulating effect suit- 
able for stripes in worsted goods 


Interlocking and offset twills Interlocking t\\ ills arc rnmi- 
sively to obtain wide diagonal effects with a relate e > sm. 
ber of harnesses in the loom They also permit an unbrni ‘ ‘ ^ 
of special designs by interlocking weaves in the warp anc i < 
W'ell as 1^ bringing a ground weave on alterintc pick' < 

also used to increase the filling absorbing capaciij Ot a ' 01 % c ) 

change in position produces a new effect . , ,, , . , t,, 

Offset twills are obtained without reversing the Iw ill f ' 
balanced twills, for instance, the risers of the ^ 
group are usually, but not necessarily, brought . ,, 

of the last thread of the preceding group An 
l)pe of twill is showm in the design 11 (Fig U The) p * - 

altraciiv<» T.»r>rcf<>HR and can be enhanced wiiii cm 
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paper first and other weaves filled m to serve the purpose. Into 
this grouping belong the famous tricotme, gabardine, and similar 
weaves, shown in Fig 1 by designs 6 and 8 They are very char- 
acteristic of fine worsted ladies’ suitings, producing single and 
double twill lines that actually rise from the surface and stand 
erect in fine-yarn worsteds For this reason they are very popular 
and practically in constant demand A typical fancy twill is shown 
in Fig. 1 m design 10 These combination weaves can be carried to 
such dimensions that Jacquaid looms are required to weave them 
In general, all such weaves for practical purposes are, wherever 
possible, drafted down to less than twenty hamessps 
The twills as a group constitute the most important class of 
weavM for all types of woolen and worsted suitings and coatings 
and offer a great field for the designer to draw from continually in 
creating new patterns, designs, and effects By the use of these 
weaves, with the aid of color and all types of yarns, there are 
unlimited possibilities for application However, a designer is 
forced to keep his draft and weaves in simple and easily followed 
form, so that matters are not unnecessarily complicated in the draw- 
ing-in department and the weave room 


The Satin Weave 

classes of weaves, namely plain, 
to get away from 
the twdl and to produce a patternless, 
surface in die fabric The satin weave is exten- 
sively used in Venetians broadcloths, doeskins, meltons, and kerseys 

constructed from a twill weave, but the 
but at definfte calculaTed"in?e?^air”' consecutively 

Satin weaves are classified into two groups those in which the 

nJh sSeJH Thi f P"''‘^°“'‘"ates on the face, known as fillmg 

iu!: & 

of a cotton teim tZ. j word saictii is more 

filling predominates on the surfaSi'^f 'lhl”goo’ls"'ln”ll''*’'’* f"' 

-nr,. however, “vrarfiSrnredt ^teTM J^n'lS 
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tiic fscr fhtiiwt V «>(■'()} hJlinjr. ihc coJtnn wnrp bcinp covered 
rnjsrcly. 

The nr;iKr,dr uunlvni m the construction of '^atin weaves is lo 
drtc nninc the onlir of pro,M « <;‘-iom feu the so called "stitchers” or 
1 ‘oint'' of inlcrlaccnuni hctwtin warp and fillinjj To obtain the 
lo'nhitntion fto.n whuh to tksipn i satin is to take an> number of 
Innirssf.; required of the on/'inal twill weave on which it can be 
woven and di\idc it into two parts 7 hese must not be equal, nor 
>»»f/ phe be the u ulltfle of tiu ollur, itor should they be dwtsible 
by n th.rd number For instance the nnmbcr 5 is divisible into 2 
and 2 Ucfpnnin;; with thread 1 and progressing tw'O warps threads 
to the nght at each pick, the v arp threads are stitched (bound) in 
the following order 1, 3, 5, 2, d That is, the first warp thread is 
stitched on the first pick, the third warp on the second pick, the fifth 
v.arp on the third pick, the second warp on the fourth pick, and the 
fourth w.arp on the fifth pick. lienee, it can be seen that each warp 
<-nd IS interlaced roith one picl only and vice versa and that a scat- 
tered order of this interlacement is used so that no twill is formed 
«*t all, although a twill weave of 1 up and 4 down is used This 
eonslilutcs a filling fiush and by a complete reversal a warp flush 
satin can be created 

The simplest satin weave, although not strictly a satin but a 
broken twill, is that made on fotii harnesses It is showm in filling 
and w'arp cfTcct m designs 13 and 14, respectively, of Fig 1 The 
order of interlacing warp with filling is 1, 2, 4, 3 This is generally 
termed a "crowfoot” w’cave and is quite effectively used m stitching 
of double cloths and m broadcloths of all types The twill line is 
well broken and with the proper yarn will produce a smooth, 
lustrous surface 

A more or less pronounced twill effect will be encountered in 
many of the satin weaves, particularly in the even-numbered har- 
nesses such as SIX, eight, ten, or twelve harnesses or shafts, where no 
regular order of progression is possible For instance, in a six- 
harness satin the only /'move” numbers available are 2 and 4 (1 is 
not used), m the eight-harness satin 3 and S are available, in the ten- 
harness satin 7 and 3, and m the twelve-harness satin only 7 and 5 
are available, and so on The uneven-number harness satins pro- 
duce the best effects, because a choice in progression exists, one of 
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One or ihc other can be brought to the facc^ independent of the 
other, and without the other showing Uirough if the yarn is reeded 
close enough. 

On ing to the minimum amount of interlacing in these weaves, the 
strength of the cloth is not as good as with the plain weave, hence 
precautions must be taken if strength, slippage, and durability in 
satin weave fabrics become factors. 

An important use of satin weaves is in double, triple, double- 
plain, and brochd fabrics, where these weaves are employed in 
stitching the layers of cloth together or reversing the back with the 
face alternately , also in figured satins, where the warp and filling 
satins are alternated to produce patterns, figures, and motifs in 
regular or irregular order. There arc also irregular satins and 
double-stitchcd satins, which, however, find less use m the woolen 
and worsted trade Color effects can be worked very well with 
satin weaves also 

Of course, it will be realized that satin weaves can also be used in 
combination with other elementary weaves to form a variety of 
stripes, checks, overplaids, and color effects which defy the imagi- 
nation 


The Crepe Weaves 

From time to time crepe fabrics arc very much in demand and the 
crepe weaves find important applications These weaves distinguish 
themselves by giving the cloth a mixed or uniformly mottled sur- 
tace. The more uniform this mixed or crepy effect is the better the 
crepe is considered They are of greatest importance in fine piece- 
oyed worsteds, where the clear finish preserves this beautiful, pebbly 
surface The important points to be observed in the construction of 
these weaves is the absolute absence of stripe and twill effects and 
to have each float approximately the same length No general rule 
can be given as each weave is peculiar m itself They are generally 
erived from plain or satin weaves, by transposition or rearrange- 
weaves or by drafting one weave over another and so 
nf tv! common crepe weaves, as an illustration 

ni* ‘s shown in Fig 1 in design 16 Note the over-all 

ixed effect, where no float of greater than two picks or ends exists 
w particular weave is known as a "sand crepe ” It repeats on 
Ween ends by sixteen picks and requires sixteen harnesses 

weaves exist in many varieties and are quite a study by 
Selves. It IS one field where the designer can allow his skill and 
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originality to have full sway These weaves require not only imagi- 
nation for the conception of new cloths, but also skill in drafting 
and the ability to determine what the weave will do in various types 
of goods 


The Bedford and OAer Corded Weaves 

In order to obtain raised stripes or corrugated effects in either 
warp and filling direction, corded weaves are employed They are 
extensively used in worsted fabrics to produce Bedford cords, 
broches, and over-all raised or matelasse effects in dress goods. The 
wa^ cords are usually developed by letting one pick float on the 
back under 4, 8, or 16 warp threads, then raising it above one or two 
(.rarely more than two) ends, while the next pick interlaces the 
warp with a plain, twill or other suitable weave If a woolen cloth 
is woven in this manner and well fulled, the cord is made more 
prominent, because the floating picks shrink more readily, while the 
woven-in picks shrink less easily 

oc^ ^ample of a warp cord, more commonly known here 

aL sho^Yn in design 17 Note that the cords 

<tiv same number of warp ends, namely 

SIX ends cord and 2 ends plain, alternating every Uvo cords The 
design requires at least six harnesses to weave 

eaA mrv ^ \yithout recess threads by making 

S alternately on the back and interlace with the warp 

nL?Qfrmp i It floats on the back and in the 

Verv Order is reversed on the next pick 

^ TV* ^ patterns can be attained in this manner 

^ ®^®P furthei, "stuffing threads” can 
These ^ace warp and the floatmg filling picks 

round nr raicp°tif°^ serve primarily to 

if desired corded effect on the face as well as to add weight 

thev have tin of inferior quality stock as 

fabric ihe ^ increase the durabihty of a corded 

-Waced w.tt the floatagback 

duced\v*leflmo-”'^"”^^ cords or corded checks can be pro- 
fnr four siv- 5 Second or third warp thread float on the back 
woven with a picks, while the other warp threads are 

natfemc ran Or Other Weave Figured and diagonal 

htv of fbesp produced W 1 & this weave A considerable quan- 

S3>o4Srpui^s«'' automobdes for 
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BajKed and uoubl6jClDlliBv 

The backing of woolen and worsted cloths for the purpose ot 
gaming weight of fabric as well as to create greater thickness is 
extensively practiced in the wool trade for “French backs” in suit- 
ings and the cheaper grades of boys’ and men’s trousering It is also 
used in decorative fabrics to produce small and indistinct figures, 
dots, plaids, etc, in single cloths, when they cannot be produced 
otherwise and without one showing through the other 

Single cloths are considered to be those woven with one set of 
warp and filling yarns, even though they may differ in stock, twist, 
types of yams, and weaves. The various effects produced vary 
principally through changes in drawing in drafts or in the sley or 
pickage While fairly heavy cloths can be made in this manner, 
fabrics with a worsted face and woolen or figured back require 
extra warp or filling threads 

For these reasons a fabric can be backed in three possible ways 
Pirst, by using one ^et-Qf-war D_varns a nd-lwo.J5ets of Jillmg-Picks 
HSfl aemg what is known as *‘Ming-^.c ked_clo.th.” one filling for 
f^e and one tor the back side , !>igconrf.-by .,jisingJwjD,setS-o£ 
w.yp^^ai s^and .„one.fillu:ig. ..y arm only, jrjDducing-> what^s- knowp-as- 
L - war R ;backed cloth ” One set of warp yarns is for the face and 
back side Third, by havin g two dist mct>set s of warp 
oS ^blling yarns woven to'lnalgea ;SI^!!diffemnt_fabr4cs,ji\i^ichJare 
S2»SO 0ggtuer~at the ^ g ^' only or at regular in tervals-so-as-to 
!!?~®:®?c~£251E3'dLjabric This is techhi^lyToiown -as^-lldoijhle 


Sometimes one fabric is superior to the other in quality of stock 
r one may wish to produce a plaid-back and the face of solid color 
s in overcoatings One fabric acts as a Immg to the other Still 
rtner, n may be necessary for the face of the fabric to be rough 
napped and the back smooth, and so on with unlimited variety of 
designing of such fabrics requires much skill and 
pcnence m order to produce workable weaves and color combi- 
lons A special system of designating the weaves and colors on 
«ign paper is necessary, which will be explained later. 

t/ot/w ^ Filling-backcd cloths arc generally of a 
fill mi!' ^cdium grade They arc produced when the backing 

c f ^ or a low grade of virgin wool It permits of a 

fillmt? preferably w'orsted warp and a heavy woolen 
^ lor the back and a worsted filling for the face. The filling 
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backing scheme has two distinct disadvantages which must be 
guarded against (1) the back filling has to be bound into the face 
in a dioroughly satisfactory manner, so as not to disturb the face , 
(2) owing to the use of an extra filling the production of stripes on 
the back is impossible, rendering this system unsuitable for fabrics 
requiring stripe or plaid effects, such as -trousering and coatings 

Filling-backed fabrics can be divided into distinct classes accord- 
ing to the sequence with which the face and back fillings are in- 
serted, namely the “1 and 1” method, meaning one pidc of face 
yam follows one pick of back yam. The second method is the "2 
and 1” system, requiring two picks of face to follow one pick of 
back Other methods such as "3 and 1” or “2 and 2” are also used 
in American mills 

The next important detail in connection with filling-backed cloths 
IS the use of proper weaves and a system of "binding” tlie back 
filling to the face yams In designing filling-backed cloths of any 
description the binding points, or places where the backing filling is 
interwoven with the face, are carefully predetermined and placed 
so as to prevent the backing yam or stitch from showing m the face 
of the cloth 

A very common method of backing a 2 up and 2 down twill fabric 
with an extra filling is shown in Fig 1 in design 19 Note that the 
face weave is 2 up and 2 down 45° twill and indicated by solid 
black squares The filling arrangement is one face pick followed 
by one back pick, which is the most satisfactory in this case Note 
also that the face warp is raised above the back filling, indicated by 
black crosses (X) except where the back filling stitches into the 
face warp, which is indicated by circles (O) 

The latter are known as binding or stitching points or "sinkers ” 
It IS to be noted that the back-filling rises above but one warp thread 
at a time, also that the stitching of the back filling is distributed 
uniformly over all the warp threads Care must be taken that each 
thread gets the same amount of filling interlacing, otherwise those 
threads which are subjected to more frequent interlacing will have 
an increased take-up in weaving, causing them to become tight and 
break and result in a streaky doth 

The^jlltcbig g points j mis^eeur-ja-regular order„aisiialhL-satHi-' 

ord er, wherevCT~p 05SiEie To get perfect bindmgm filling-backed 
cloths the ’■siliKers" Dhlihe back side should come between a "sinker” 
of the face picks on either side Stated differently, the stitches for 
the back filling should come where the pit will be covered by the 
adjacent face filling threads That is the secret of good binding. 
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Another important use of fillingnbacked cloths is in the cotton 
warp, worsted or woolen face, and woolen back type of fabrics such 
as friezes In friezes the chief object is to hide the cotton warp 
and to present a perfect, smooth, woolen or worsted surface Usu- 
ally, ideal weaves and binding points can be secured in this class 
of goods When a cloth in which the warp predominates on the 
face, IS woven back-filled, the latter must float at least twice as far 
as the face filling and be so interlaced that the stitches come on 
every twill line It is not always possible to have the stitching warp 
yam below the face thread both before and after the back pick 
Two back picks can be inserted between each face pick In that 
case one back pick passes below the other and floats twice as far A 
familiacity with the construction of back-filling fabrics and weaves 
is absolutely necessary before any dissection of such cloths is under- 
taken, because they are generally well fulled When it is impos- 
sible to stitch the back picks re^arly, the “sinkers” are arranged 
to conform to the face weave 


Warp-hacked cloths These weaves are extensively used in 
worsted trousering and boys’ and men’s wear, where a close-set 
warp IS employed They are less extensively used in heavy woolen 
mbrics, as it becomes difficult to form a good shed in weaving 
They can be used on medium-weight woolen fabrics, such as ker- 
seys, hairlines, etc Warp-backed fabrics usually require a greater 
number of harnesses than filling-backed fabrics On the other 
hand, the addition of an extra warp to a single fabric allows the 
P|'°^'^ction of a better class of fabric than if extra fillmg is em- 
ployed for the same purpose There is another advantage to be 
gained by using an extra warp on each side of the fabric an entirely 
dmerent pattern can be produced 

Two methods of arranging or dressing the warp are in use, the 
most common being the "1 and 1 method,” i e , one face thread to 
each back thread The next method is the 2 and 1” having two 
ace mreads to each back yam The seven most important points to 
consider in the design of these cloths are 

1 The binding weave should be a satin or broken twill, avoiding 
as much as possible a regular twill 

2 The fulling tendency of face and back yams should be about 
the same, otherwise "cockling” will set m 

va^ ^^en using the “1 and 1” arrangement, the face and back 
, approximately the same yam size In the "2 and 1” 
method the back yam should be twice the diameter of the face yam 
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4 The binding points of warp-backed fabrics should be placed 
between risers of the face weave. 

5 Two warp beams are desirable, if the face and back yarns are 
of a varymg nature, such as worsted face warp and cotton or 
woolen back yarn, especially so if the “2 and 1” method is used and 
where the yams used do not correspond as stated in paragraph 3 

6 Every back thread should be Sound on the average of once in 
every eight picks, according to the type of fabric 

7 Warp-backed fabrics are drawn with face threads on front 
harnesses and back threads on rear harnesses 

A typical example of a common warp-backed fabric is shown in 
Fig 1 in design 20 This fabric employs a 2 up and 2 down 45° 
twill face weave and a ‘perfect binding indicated by crosses (X) 
The warp arrangement is one face and one back Note that the stitches 
are between two risers of the face warp and uniformly distributed 

Trouserings and suitings constitute the bulk of the production of 
warp-backed fabrics and are woven with twills, herringbones, cut 
diamonds, and combinations of fancy twills, nb weaves, and whip- 
cords. Warp backs are generally referred to in the trade as "French 
backs" In order to produce additional weight in worsted fabrics 
it sometimes becomes necessary to introduce "stuffing pidcs” be- 
tween the face and back warp in the center of the fabric The usual 
order in such cases is two regular picks and one "stuffing" pick. 

Double cloths ^ T he third class of backed cloths is the double 
cloth, whicK' consists of two separate and distinct fabrics, face and 
back, employing two warps and two fillings, for varying purposes 
such as : ^ ' 

1. Tubula x-iab ncs, such as rolIer_i ehs. where th e face and^back 
fa brics ar e ifligea' only aTTio S side s, formihg Titube or’arcular 
fabric^ ^ ^ 

2 To produce a thick fabric of uniform density, and principally to 
get warmth when the addition of a back filling would be insufficient 

3 For the production of fabrics, the two sides of which shall be 
different, such as plaii Lbacks. meltons, and co atings 

4 To reduce the cost of a fabric by employing a good wool stock 
for the face fabric and a poor or cheap shoddy for the back 

5. To increase the weight of the fabric without using extremely 
heavy yarns and open sleys, where _the— two-^fabncs-are-stitched 
together and app ear as one distinct fabric 

A double 5oth is merely a combination of filling and warp-backed 
fabrics and the principles employed in its construction are similar 
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to those of the backed cloths just described The advantages of 
backed fabrics are retained whereas the disadvantages are overcome 
to a great extent The two fabrics may be identical in appearance 
and makeup, or one may be a coarse fabric and the other a fine one 
with the weaves ot color arrangements diflFcring radically without 
interfering with one another . Jn ~ . tub ular,~^ts,^the)L.arc 




stitched at both en dyLnQ u ly, th e more common procedure is Jj LgtitSh. 
the two textures carefully and~ _regutarJv. t ggcthSrlbv-ml^aciPSwlhe 
threads of one faSrlc witfi7t^pso„p-t->the-other. during:,.the weaving 
jrocSs”" 'They "arc” extSisively employed in the manufacture of 
kerseys, meltons, ulsters, montagnacs. , fdts, k rimmers. chinchillas, 
and other uniform and coating fabrics Tfi^ are not used on all- 
worsted fabrics generally 

The designs and selection of weaves for such fabrics are made on 
design paper just as with single cloths, but the threads and picks on 
the design paper are divided into two separate groups, one for the 
face ends and picks and the other for the back threads and picks 
They can be marked separately or shaded to distinguish one from 
the other The grouping of the face and back ends and picks can be 
“1 and 1,” meaning one face end is followed by one back end, in 
that case the face and back yarns are about the same size The “1 
and 1" method permits the production of a fine fabric both face 
and back, the difference, if any, being in the pattern, weave, or finish 
given The “2 and 1” method is also used, whenever the back yarns 
are twice the diameter of the face yarns The latter allows a wider 
ange for variations in texture and counts of yarns or in the effects 
produced The combinations used in this method of designing 
double cloths are practically unlimited In the United States the 
better grades are produced by the 1 and 1 method and the “2 and 
^ employed for overcoatings and felts Whatever system is 
adopted it is customary to start the designs with one thread of face 

The face weave is then filled in on the face threads and picks 
and the back weave on the back ends and pidcs The binding of the 
two cloths IS then carried out by two prevailing methods 

Back-to-face method or raising the back warp above the face 

fil^n^^^^”^^'^^^^ wie/Aoc? or lowering the face warp below the back 

In the first method the back warp thread must be lifted between 
wo risers of the face and next to one or between two risers of the 
ack wMve The binding of the cloths by the second method re- 
quires that a face thread be lowered between two “sinkers" of the 
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face weave and next to one or between two “sinkers” of the back 
weave 

In order to make this perfectly clear, a practical example is given 
m Fig 1, design 21, which represents the design of a typical double 
cloth as used in the American woolen and worsted trade The face 
and back weaves are a 2 up and 2 down 45° twill, filled in with 
solid squares for the face, and with crosses (X) for the back fabric 
Black dashes ( — ) represent face threads lifted over the back picks 
Binders or stitchers are indicated by circles (O) The “1 and 1” 
grouping of face and back threads is used for both warp and fill- 
ing and the face-to-back method (number 2 ) of binding Note the 
fine distribution of the binders throughout the repeat of the weave 
The design requires eight harnesses for the face'weave and four for 
the back weave, making a minimum of twelve harnesses 

The simplest double weave is the double-plain, employed a great 
deal m women’s novelty worsted dress goods with colors Fine 
checked patterns can be produced and it is known as a “reversible” 
weave which is often used in blankets and decorative cloths 

The method of stitching has a great influence on the appearance 
and handle of a double cloth Of the two methods mentioned, the 
back-to-face is probably the most preferred, since the back warp is 
usually finer than the back filling, and hence covered better by the 
face threads when raised to stitch the fabric Stitching from face 
to back brings the back filling to the face 

The designing of these double cloths of course becomes far more 
complicated when the weaves of face and back are different, and 
even more so when figures pr color patterns are employed Care 
must be taken not to disarrange the color pattern and weave of the 
face in particular Also^ when long filling flushes or floats are used, 
as in bolivia, chinchilla, and persian lambs, which are to be cut, 
raised, or napped apart, care must be taken m the reeding of these 

warps so that no gaps or openings result where stitchers or binders 
are used 

Occasionally stuffing” threads are introduced in these double 
cloths when the wei^t or thickness required cannot be obtained 
otherwise These stuf^g threads may be warp or filling and he be- 
tween face and back They do not come to the surface at all and can 
be of any color or stock They also serve to increase the prominence 

effects such as m pique and matelasse In 
p aid backs the stitchers are from face to back to prevent different 
colored back ffireads from showing on the face The back weave is often 
piam when the cloth is made with a worsted face and woolen back 
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In fabrics in which there is a tendency for the binders to show, hard 
twisted cotton yarns are also employed They bury much better m 
the face-to-back or back-to-face method of stitching A divided 
drawing-m draft is the best, that is, the face and back warp come 
on separate shafts A straight draft usually requires more harnesses 
The reeding on the “1 and 1” method should be four, six, or eight 
ends per dent, on the “2 and 1” method it should be three per dent 
(1 face, 1 back, 1 face) and six, nine, or twelve per dent, whereas 
m the “3 and 1” method four threads per dent (i e 1 face, 1 back, 
2 face) are best 


Montagnacs, Chinchillas, and Felts 


There are a number of cloths which are made with extra filling 
of a loopy, boucle, or krimmer novelty yarn These fabrics can be 
made in single cloths, and bolivias, boucle, and tree barks are ex- 
amples of this kind of extra filling fabric They can be made in 
heavier weights, however, of which montagnacs and chinchillas are 
mcamples I n Fig 1, desig;n 22. o ne of the common chinchilla weaves 
>s illustrated‘‘"Ttcan benoledirom the design that the face weave 
IS a pile weave, the heavy filling binding-in for four ends and float- 
ing over eight ends in all instances and irregularly scattered in 
one repeat 

The back weave is a four-harness "crowfoot” weave shown in 
^ig 1 in design 13 The grouping of the fa^e and back warp and 
hlling yams is done by the "1 and 1” method The binding is in 
satin order and the method is back-to-face (1)) Face warp and 
niimg is indicated by solid squares, the back weave by crosses (X), 
and the binders by circles (O) 

Knmmere, montagnacs, and Eskimo overcoating are created in a 
4 ^ fashion, geneially_in _dpuble-and triple-cloths.t o get weig ht 
_aa-^nsitv as weH^s warmth The InoRe-fla at^mg^fa p-fufillmg . yams, 

or r oll ed on ^ eciaf 

■nLCfiiaerymisfinislung ^TfieTuriy, loopeoTjoucISTillin^ are steamed 
na allowed to rise from the face, producing fabrics of excellent 
araclcr 'tthich are often mistaken for furs Imitation pile fabrics 
‘ I this manner kl uch skill and experience-is-required 

^ |ie „ fl ( Y S iCncg-and-finishcr-in4hctr-manufactur-er Cotton wnjps 
-1 for filling, mohair, alpaca, and luster iiools 

ft., t\inglcts, clusters, and almost erect piles can be produced 

through skillful manipulation of \\ca\c, stock, and 
i lie\ represent t he-Xiltimate-m~woolcn~£al}ric manufa cture 
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Triple Cloths 

Triple cloths are fabrics made with three distinct sets of wa^ 
and filling yarns and constructed in a manner similar to double 
cloths Qrymg .j rpller, piano, and mechanical felts are_.m adeJn»»^*^ 
wa y ^Themr'i^aitterentTaBrrcs'ar?' turned face^ c^ter. and back, 
-afid are tied together at certain intervals bringfing about a completely 
firm and durable fabric of considerable thickness and hardness, ov 
softness, as required By this method greater weight combined with 
equal fineness of appearance can be obtained Moreover, in double- 
cloth constructions it is sometimes necessary to resort to excessive 
shrinking in order to get the desired finished weight, which is apt 
to impair materially their elasticity and desirable handle Therefore, 
the triple principle of construction makes it possible to increase the 
weight without having recourse to abnormal shrinkage Such con- 
struction incidentally allows for brighter colored linings on bade 
with the ever present danger associated with all double cloths, of 
these colorings penetrating through to the face, eliminated The 
stitching can be effected in the following ways : 

1 Back to center and center to face 

2 Face to center and center to back 

3 Back to center and face to center 

4 Center to face and center to back 

An example of a triple cloth weave using the 2 by 2 twill for 
face, center, and back is shown jn-design 23, Fig 1 The method of 
stitching employed here is stitching cetiBefTSTace and center to 
back (number 4) The face weave is indicated by solid squares, the 
center weave by crosses, the back weave by Vs Diagonal lines run- 
nmg f rorn right to left are placed where the center ends are raised 
over the back picks, and also where the face ends are raised over 
the back and center picks The dots mdicate where the center is 
tied or stitched to the face and the circles where the center is tied 

o e back All marks with the exception of the circles represent 
warp up 

By interchanging the back and center cloths in prearranged order, 
ining effects of a distinctly novel character may be obtained In this 
case, however, it is necessary that the weave be constructed on 
wenty-four harnesses, with the spot or interchanging portion 

check order EDi>eloth«ig-pu*^ 
used, bu t— experi mental fabrics 
i'hgsftlSoi hs are~'^nmarily.I f9r 


m uiutK cnecK or guai 

poses three-plv cloths are rare 

. 


industnaL and special uses 
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Plushes and Velvets 

Fabrics made by this dass of weaves differ from all other cloths 
so far described in that they consist of a base or ground fabric, and 
an extra set of threads known as the “pile ” They are commonly 
to as “pile” fabrics The pile can occur in loop form or in 
me cut ^ate, forming a fuzzy or hairy surface Plushes may be 
divided into two main dasses, namdy filling pile fabrics and warp 
fabrics The former are dotfas in -jcdu ch . t h e pile (loo ped or 
^t)_is„ieHned rby ihe_warp vam „j^ile-«4a.«Jt he latter the pile is 
^Sne d, h y . 4h e ^lin^ These two dasses may a^in'he ^suBdi^idecf 
into _ cut” or “imrat,” or cut and looped pile. The warp pile fabrics 
^noms \vith oscillating reeds or special velvet looms, in 
which the pile is created b 3 ’ rods over which the pile warp is 
woven and then drawn out and cut or left in tiie looped state (See 
n^s) ^ *^®^®sion of velvet carpets in the diapter on carpets and 


plush is the simplest form of all pile 
thp ci*^f formed by a series of fillmg ffireads floating on 

operaPon consists of weaving a ground or base fab- 
ttie and weaving in a fiUing floating loosdy over 

vak Tw ^ bomd mto the gjround fabric at certain regular inter- 
even fmnness of the ground cloth and the 

m^o are bound 

Sutton cutting 

or^2 anH may be a plain weave, 2 and 2 twill, 

coveAi^frJm The pile fiUmg float must consist of a long float 
struct fn;ncT°l.i^^^ ^“P common to con- 

order to oK^dSsrpfle^^^ P**^ “ 

plSlhe^Hnrt.^® ^ '^caving by a skilled person, who 

cutter especiallv^r'il!i°?"''^f ^, 1 °? ^ point of a sharp 

and cits P"T>ose, runs under the floate 

onalK to ttSfilhnl angles or diag- 

certain fabrics ^ ^°ats are cut. In 

fabric firm ^ ^ of the doth is pamted with glue to make the 

floate ar^beSL c^tS' T P*‘‘" adjacSt 

sheared to brine the mk napped, brushed, beaten, and 

the dyeing is done ^ position. If colored, 

luster w(5l are commoS^i? Mohair, rayon staple, and 

cotton or worSe?x^™c l^ employed for the filling pile yams and 
o sted j^ms are commonly used for the ground 
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JVarp plushes Warp plushes are made with a ground warp 
and a pile warp on separate beams and one filling ground yam 
Warp pile fabrics are woven and cut on the loom by a special t}T)e 
of loom The pile warp is raised m the shed, a wire of the size to 
give the desired loop or height of pile is inserted into the shed, and 
then the pile is lowered and interlaced with the ground filling The 
loops formed by the pile warp and wire may be cut to form the 
common plush or may be left uncut to form terry effects or up- 
holstery friezes If the loop is to be cut, the wire over which the 
pile warp passes is equipped at one end with a knife, which cuts 
the pile as it is withdrawn The ground weave may be either a 
plain weave, a warp nb weave “2 and 2,” or any closely woven 
twill The pile warp is woven very loosely and has a large take-up 
One half of the pile warp is generally raised at one pick in order 
to distribute the pile regularl)' The pile must be woven into the 
ground fabric quite closely and here two methods are recognized: 
namely the V pile and the W pile The V pile interlaces only one 
ground pick, whereas the W pile interlaces three ground picks in 
succession Carpets are made in a similar manner 
The ^varp^ ihi shes are ge nera lly woven double (fac e toj ace^wdr 
the pile wjQy-en^I ^\vee^he nr'~TTiri^ used for this purpose 
are shown m de^ns 24 and" 25 m Fig 1 The upper one show 
a design using two ground warp to two pile warp, weaving plait* 
producing a V pile The lower shows a “2 and 1” arrangement 
of ground and pile respectively showing a W pile construction 
The latter is much preferred because of the greater firmness ii 
creates in the pile surface, and greater resistance to being pulled out 
The ground weave is indicated by solidly filled in squares, whereas the 
pile ^\eave is shown by crosses (X) Mohair, rayon staple, and luster 
wools are used for the pile, while mercerized cotton or jute are 
employed for the ground fabric to give strength 

The filling plushes find considerable use in dress materials, trim- 
mings, and opera cloakings, whereas the warp plushes find consider- 
able use in railroad seats, motor car upholstery, and drapery 
materials The latter are general^ more sturdy and heavier in weight 
and construction than the former 

The weaves described in this chapter constitute the bulk of weaves 
and fabrics made m this country with the possible exception of the 
leno weave The latter consists of adjacent warp j-arns whipping a 
half turn around each other and taking the filling pick between each 
The leno weave is rarely used except in double-width goods w’here 
it weaves the cutting line, or in carpets 


Chapter 18 

DYEING, BLEACHING, AND PRINTING 


D yeing has l een practiced for thousands of years, and among 
the earliest peoples who dyed their garments were the Chinese 
and the American Indians The dyes that were available to the 
ancients were produced naturally by plants and animals There were 
two principal colors blue indigo, which originated from a plant, and 
red kermas, obtained from the dried bodies of an insect 
Probably the most interesting documents on-dyeing-liave-been re- 
covered m tlio “’Papyriic-Grgpnna.-'H'nmkpnsis,” preserved at 

Upsala. Sweden, a nd tVie. “L ev den J?ap vrus/l-Dresecved-at„Levden. 

T he former contains seventy recipes dealing with the clean- 
ing, mordanting, and dyeing of wool, m which the following dyes are 
mentioned, alkanora (red), safflower (ye’low and red), kermas (red), 
™^dder (red) , and woad (blue) The art of dyeing was well developed, 
following the same principles that underlie modern dyeing 
The discovery of America added different dyewoods such as log- 
wood, redwood, and fustic to the available dyes The most important 
m the dyewoods, and the only one still used on a large scale, is logwood 
The dye is extracted from the blood-red wood of the campeachy, a large 
tree which grows abundantly in the West Indies and Central American 
countries The dye is sold today in the form of logwood extract 
In addition to dyewoods, the Spaniards found in Mexico an insect 
which produces cochineal, a beautiful scarlet with a tin mordant which 
n u the less attractive kermas red There is every indication 
mat the more cultured inhabitants among the Indians of Middle 
America and South America used these colors to a great extent Gar- 
ments and blankets found in the Inca graves in Peru and Chile, dating 
rom before the Spanish Conquest, are examples of the various dyes 
sea such as purple and indigo The Incas were able to apply these 
gy^ onjwoQLas well as on cotton 


Modem Dyestuffs 

inTnl#:' practice of dyeing was completely revolutionized 
discovery of the artificial dye mauve, (from the French 
e of the violet-colored mallow flower) The discovery was made'' 

723 
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acadentall'^ y a En glish chemistry _studentT-WiUiam-di enr j 

Pefteanr*'*' 

•^'"When his discoveries were published, chemists all o\er the world 
began to manufacture and experiment with the new dye Factories were 
started all over Europe From this beginning, the manufacture of coal- 
tav d>es, and more rccentlj* their allied compounds, has become one of 
the most important and most profitable of all chemical industries 
Since tliat time not a year lias passed without several new djes 
being put on the market by some of the great dye concerns Of late years, 
concentrated efforts have been made to standardize the dyeing pro- 
cedure as well as the many fastness properties for each dye 


Statistics on Dyes 

The U S Tariff Commission report on s^mthetic organic diemicals 
for the year 1945 indicates that there ate forty-four producers of dyes 
in the United States A production of 144,296,000 pounds at a unit 
value of 75 cents is shown as compared to 101,932,661 pounds at a 
unit value of 53 CMts for 1935 The higher unit value is undoubtedly 
due to the increasing percentage of higher priced colors sudi as azoics 
and vat colors, and the trend toward higher concentrations that was 
accentuated during the war Azoics, not separatdy shown in 1935, 
represent 6 9 per cent of tlie total in 1945 Vat colors, excluding indigo, 
increased from 19 1 in 1935 to 36 1 per cent of the total value m 1945 
The American industry has continued to duplicate foreign colors and 
to introduce new colors The Yearbook of the American Association of 
Textile Chemists and Colorists now lists 359 prototypes, indicating 
that there are at least this many instances in w'hidi American producers 
have duplicated foreign colors whidi did not have numbers in the old 
Color Index In addition to this, 3 6 per cent of the value in 1945 was 
in undassified dyes as compared to 1 3 per cent in 1935 
Imports in 1945 were 1,124,191 pounds at a unit value of $L45 as 
compared to a much higher figure of 3,638,177 pounds in 1935 at a 
unit value of §1.51 Whereas 50 per cent of the volume of imports m 
1935 were from Switzerland and 49 per cent from (^rmany, in 1945 
89 per cent of the imports were from Switzerland and 11 per cent from 
England 

Exports in 1945 were 20,849,255 pounds with a value of $18,647,131 
as compared to 19,630,924 pounds in 1935 ivith a value of $6,873,404. 
Here also, higher unit value may be attnbuted to the shipment of more 
expensive colors and stronger types Major markets for United States 
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dye producers were India, Latin America, and Canada, which took 34 8, 
29 4, and 26 7 per cent, respectively, of the total 
Dyes are derived from the coal tar crudes, benzene, toluene, xylene, 
and naphthalene, through intermediate steps that, m some case^ are 
also used in the production of chemicals for other industries s i 
rubber and plastics Phthalic anhydride, for example, whic i is 
starting point for the antliiaquinone vat dyes and for the acid a izarin 
dyes, increased from a production of 23,421,558 pounds in 19 5 
125,033,000 pounds in 1945, primarily due to the demands for this raw 
material for the plastic and protective coatings industries Similar y, 
aniline oil increased from a production of 32,572,809 pounds in 193 
to 87,195,000 pounds in 1945, primarily because of its extensive use in 
chemicals for both natural and synthetic rubber 


Classification of Dyes 

The dyestuff concerns in the United States are manufactuiing in 
excess of 2,000 dyes for the textile, paper, leather, plastic, and other 
industries Dyes are exceedingly complicated chemical compounds 
lequiring many steps m their production that must be closely controlled 
by qualified technicians The percentages in dollar value of all dyes 
marketed in 1945, by class of application, is given in Table 1 


TABLE 1 DYES PRODUCED 
IN THE UNITED STATES, 1945 
IN PERCENTAGE OF DOLLAR VALUE 


Class 

Acetate rayon colors 
Acid colors 
Azoic colors 
Basic colors 
Direct colors 

^kc and spirit-soIuble colors 
Mordant and chrome colors 
Sulfur colors 
Vat colors 

All other coaUtar dj es 


Per cent 

35 
13 3 

69 

62 

170 

27 

47 

41 

380 

36 


total . 1000 

^ All tlie chronic or mordant colors and a substantial portion of the acid 
^ iSPd small but increasing amounts of vat and azoic,.dyes are jiow 
1 d>cr. Acid dyes are used, in addition, on fiaper 

^y^ o*' cotton and ra\on, and the sulfur dyes are 
* * cally restricted to cellulose fibers 
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The large d\c concerns furnish the trade with cs-ccllcntly madc-up 
sample cards/showmg actual dyed wool samples in the form of loose 
w ool, 3 ’arn or small sw'atchcs, and the shade and strengths of the \ arious 
dyes In addition some of tliem publish \aluab'e W'ool manuals An out- 

o[ U^m L(utdJiJj,W.{LaLJ>f 
iVool i^h.jitUci LJ^tbc} r. -di stxibuted rixv jLlieJacnfixaUDvestuft^Corpo- 


ration 


Designation of Dyes 


Trade mmes In these sample cards and manuals, the djes aic 
grouped according to the class of application In each class of d> es the) 
are arranged accor ding tn the rplnr nnrl th etr.-rplnt»vf«.jshnf1f.s.heyinni.iy. 
\vithj:elJ5\i^^oiangc^d.^jiolQt,31ue,^grcenJti|;o^n.jind.bjack Foi 
proper identification ot a d) e the manutacturer gives each dj e a trade 
name The trade name usually beats a reference to the class, property, 
and color of the d} e as “Acid Light Red G or to its chemical compo- 
sition as "Anthraquinone Blue B” or “'Mirarme Yellow GG “ In mam 
cases It IS simplj an arbitral^ name assigned bj the manufacturer or hi’s 
local agent 

Letter designations XllSifittergQjJbetteisiolbwaiJgJ^^^ 

^fer to_tlie j faade, foonstance. B ^for blue . Eiai:.r?d. Y or.,G,tojcJ'(si;ow 
(GenumTocib) For example, ’^methj I violet’’ is sold m’bran'ds running 
from 6B to 6R — that is, from a shade \ ery close to blue, o\ er purple, to 
a bright red-^ lolet shade SonietimesJh e lettenreferit fastne.is prop- 
ert y such asj :LAadjSrgegJ.^^xtra “ where “L” indicates fastness to 
light 111 other instanceithgJLetter refers to its class, as “Wo o l Grpf>n S y 
(German Y««6i±:?fikd Veix' fieqttenth the letter js mere ly .a-mack,ap~ 
plied for purposes of identification . such letters are N anrl4r 

Abbi eviatwiis and percentages In addition to the letter designations 
there are such terms as cone and CAtia cone , winch are abbreviations 
for the concentration of the dyes These terms w^ere further broadened 
by the addition of a percentage figure such as 100 per cent oi 125 per 
cent, meaning in this case that the^25„per;..cenL.cL3>^eus..25-pep«Gent 
st^pngeiyLni^QjoxOi^Llwe than the 100 per cent During W^orld War II 
most maiiulREturers increased their dye concentration in order to con- 
serve packing material In buynigjixes-the,.concentration-factOF-is-one 
oLtbe-most-im port apt tlungs-to consider, becauge.ihe.jsame^ly:e.mayJje.- 
sold~in'vafmiisj:pncgnlrations.as.d-^tbft4ajeg§ja re based .accouimglv 

Index iiHiiibcis The index numbeis commonly used for dyes were 
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csta1>1i!>lic(l 1) v Row' ^..CvJojfr, Jude jniUli^hctl in UL*t by the Lnlish 
Society o{ D^ers anil Lolouriii*! *I Ins book is now being rcviscil b\ the 
same British Society, collaborating with tlic American Association of 
Textile Clieiinsts and Colorists It is cxpctlcd that this revision will 
include all the commercially used d>ts^AsJ 3 «-i^ulUo(-a-..&Uuly of*lhc 
gcneraLiilaih-and-- poIlcicilJo^C- f ollo^ cd,_it was dcteninncd that the 
boo^UouliHravc ihrcc^uajocjunctions : ( 1 ) 

on the mcthod-xiLappUcatJOiU-tlic. fasli\css.propcrlics, solubility, aiuflnc 
estainfsliicd usages ol commcrcial„dj cs , (2) to catalo^nc^sucli ,infor- 
matioiTasjs ja.\ailable b)' jchcinical structure, and components and to 
describe briefly the preparation of tccluncal dyes, (3) tajCP.tXQlate.thc 
different commcraaUiamcs of indi xidu al d\_es 
'"With these objectives in \lc\\ , tlie secoiid edition w ill be divided into 
three parts ; 

Part I Application information on all commercially homogeneous 
dyes and pigments in current use within groups appropriate to the most 
important usage Each usage group will be subdivided into hue groups 
Part II The chemical structure oL all dyes and pigments appearing 
in Part I that have a disclosed chemical constitution Also, brief data 
on method of preparation, reactions in substance, and solubilities and a 
summaiy of usage and hue descriptions 
Part ill A commercial names index, alphabetically arranged, of a'l 
dyes appearing in Parts I and II. This section wull also be used for 
those commercial names that do not qualify for treatment in Parts I 
because of a lack of information 

One of the mam functions of the color index is to correlate the differ- 
ent commercial names of individual dyes For example, color index 
number 31 refers to the basic type, “amido naphthol red G,” which is 
manufactured by the Cincinnati Chemical Works, Inc The same prod- 
uct IS sold by eleven or more other producers each under another trade 
name By this numbering any dyer today is able to find for the most 
common wool dyes the various competitive products on the market 


Theory of Dyemg 

That the wool fiber has an affinity for almost all artificial dyes be- 

^.pparent when a colored effect appears when wool is dipped into 

thp ™ water or other solvents The affinity changes with 

ponril* chemical compositions of the dyes, and consequently the 

fihf.r , o* the dyes with the wool 

noer is best brought about 
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The mcchaiusm of the process which dyes hcconic permanentK 
fixed'3S*toIule^6crs4s’nQt.yet clear to chcuiKt'; DifTcrent theories ha\ e 
been advanced to exp’am the process Thmius^-On.lhej)nc^Sidi^lhe 
php mifal thenc} and, on the o ther thc.o ltv^icaLtliCQrv For w ool d} emg, 
the chemical theory is most fa\orcd, iKcausc of the prevalent tdea that 
the dv ^ undergo j a» 4 dienucal-coaibuiati_on_\v .th the >\ ool fibe r. The 
chemical theory is strongly supported b\ the work of rcscarcli”w orkers 
m Gennany, Russia, England, and m the United States b> Arthur Smith 
and Milton Harris^ Their w’ork lca\es little doubt that the reaction of 
wool with acid djes is governed b> chemical laws and consists of the 
neutralization of the basic groups in the liber In the acidic groups of the 
dye molecules 

Tlie acid-combming capacity of wool has been found by sercral inves- 
tigators to be about 0 SO millimole ot at.d per gram of w ool The follow - 
mg diagram illustrates the reactions which take place in acid dyeing. 

Wool protein basic groups -{- Sulfuric acid 

Wool protein acid sulfate -f* Water 

Wool protein acid sulfate Sodium color acid > 

Wool protein color acid Sodium sulfate 

In order that goods may be dyed evenly, the dye should be deposited 
slowly and regularly on every part of the niatenal wTlp 5 f tierps«,^tnte«; ji 
tnQ}Ki«entof-e»theiUhe.^jeJiauor..or-.the:goods^ Either the liquor may 
be made to circulate, the goods being stationary or, vice versa, the goods 
may be moved through a stationary liquor Sometimes one method is 
used and sometimes tlie other, but all dyeing apparatus must have some 
provision for circulating the liquor, the goods or both A dye batli must 
also be provided with some means of heating tlie dye liquor. At times 
the bath is heated directly by means of a steam-jacket, steam-coil, hot- 
water system or by passing live steam into it, in otlier cases the liquor 
IS heated externally and caused to arculate through the goods by means 
of a pump or a propeller 

The water for wool dv^g jm.ust_b.e_Q|j:he.sa me high pur itv-as-tbat 
Uledjp^wooLscouung For the chrome-dyeing^process water of zero 
hardness is preferred as some of the dyes are sensitive to lime salts In 

^ “Nature of the Aad Dyeing Process,” American Dyestuff Reporter. Vol 26. 
416, 1937 
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'TurlHer reduces the danger. 


Wool-Dyeing Machinery^ 


Wool may be dyed m any sti^e of manufacture — as loose wool or 
stock, as slubbmg or top, as yarn, or as piece goods The mechanical 
devices used m wool dyeing are built according to the state of the wool 
With a few exceptions, the dyeing is done m mechanical apparatus, be- 
cause of considerable saving of time and labor over the old method of 
dyeing in open vessels and manipulating the matenal by hand In the 
construction of modern machinery special attention is given to the fact 
that the wool fiber must be preserved as much as possible, espeaally to 
retain its suppleness and soft handle The felting of loose material is 
prevented, which likewise guarantees smoother carding and spinning 
and a better yam with fewer breaks The vanous kinds of apparatus on 
the market are built to attain these advantages m various ways First to 
be considered is the great number of dyeing apparatus for treating 
tbe loose and spun material. 

No one type of apparatus may be used foi all kinds of material with 
tile same good result, as no apparatus is of such construction that it may 
be used for dyeing loose wool as well as hanks, packages, and cops To 
obtain good results in wool dyeing any excessive pressing of loose wool 
must be avoided — this fact is of special importance Pressing of yarns 
also IS injurious and must be avoided, for this reason dyeing is fre- 
carried out with the yams in several layers of moderate 
nickness Wound packages, such as tops or cheeses, however, may be 
pressed in the direction of their axis without impairing the wool fiber 


Construction of Dye Apparatus 


'or good results in dyeing, the material of which the apparatus is 
u*!! 1 S^'cat importance Up to recent times metals in machinery for 
tiM 1 were generally avoided whenever possible Iron, m par- 

tono^Ti'^ unsuitable for most wool colors as it strongly affects their 
iliAc co’ors are an exception, and the circulation vats used for 

made of iron Copper also has an unfavorable effect on 
uc gj es and tends to cause stains Lead or hard lead should not be 

The D^emg of Wool tn Mechanical Apparatus Cassclla, L & Co 1925 
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employed in apparatus in which chrome colors are handled For the 
pumps or propellers, ..pho5Dliotilii»iizeJ^^ as it offers 

good resistance, especiaU^' to the acid hath 

Because of these facts, w'ooden vessels formerly w ere gi\ en prefer- 
ence , pitch pine, w ell-seasoned and w ithout knots, w as found most suit- 
able. A great draw back of the w ooden \ essels is the penetration of the 
color solutions into the wood, so that when djeing different shades — 
particularly if dark shades are follow ed by light ones — ^a boihng-out of 
the apparatus became necessary pre\ious to dyeing 

JiifrodiictiOH oj statnless-sicd vtachuiery One of the greatest forward 
steps was the change in the construction material of the d\e kettles from 
. wood to high-grade stainless steel Pnor to 1930 stainless-steel machin- 
erj' was entire!} unknown When stainless-steel machiner}' w’as intro- 
duced in tlie earl} 1930's its cost was about three times as much as 
wooden machines Howeier, tins much higher initial cost did not pre- 
\ ent a few* progressn e manufacturers from modernizing their old equip- 
ment 

The advantages of stainless steel — ^Ingh resistance to corrosion and 
inertness to dyes and cliemicals — ^are well known In addition, the ease 
of cleaning the kettles allows much greater flexibility During the cliange 
from wood to metal, man} concerns shunned the high cost of stainless 
steel and tried other metals onl} to experience ev^en higher expenses 
arising from the unfavorable eff^t of these metals on some of the dyes 
and the low'er corrosion resistance, resulting in shorter kettle life To- 
dav , there is hardly a woolen and worsted d} diouse that does not possess 
at least a few stainless-steel kettles The older equipment is being rap- 
idly replaced, especia’l} since the pace of stainless-steel kettles has 
decreased considerabh . In some instances the stainless-steel is even 
cheaper tlian wooden kettles There are two grades of stain’ess steel 
which have proven satisfactorv-, namely, the 19-9 and 1^8 SMo, the 
latter being the better grade The change in economy demanded that the 
increased costs be met b} increased production Not onl} was this in- 
creased production accomplished by building larger machines but also 
by introducing time and temperature controls As these devnces replace 
to a large extent such manual labor as tlie opening and c’osing of valves 
and the timing of operations the saving in labor costs is considerable 
Carefully controlled temperatures go hand in hand with steam savings 
An additional feature of these controls is their invaluable contribution 
to preserv ing the qualit} of the d} ed w ool Realizing the importance of 
these controls the progressive machine builders toda} incorporate con- 
trol panels in the design of their equipment 



Fig 1 Venango raw-stock and package-dyeing installation 
(Courtesy Forstmann Woolen Company ) 
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Raw-Stock-Dyeing Machinery 

Apart from the old-fashioned way of dyeing, using open wooden tubs 
and stirring by means of long wooden poles, tlie loose w ool stock is now 
dyed in tw o different types of machines . ( 1 ) the open type, and the (2 ) 
closed or pressure type In both tj'pes the stock is statioiiari and the d} e 
liquor IS forced through tlie mass ^ means of a pump or b} a propeller. 

Up to the early 1920’s most of tlie d>e i*ats and kettles were of the 
open type, which meant that the dye house w'as filled with a dense fog 
on cold days Today, most of these machines are enclosed, particularly 
the ones used for stock and yam dyeing This again means considerable 
savings in steam consumption and at the same time is one of the best 
nd simplest remedies for curing a fogged-up dyehouse. 

Open stock-dyemg machine The wool to be dyed according to tlie 
open system is packed in one or several layers and is prevented from 
boiling 01 er by a perforated cover placed (without exerting too much 
pressuiel on top The circulation of the liquor is brought about by 
pumps or propellers Figure 1 and Figure 2 illustrate the tw'O systems 
The use of a pump or a propeller permits an alternating circulation of 
the dye liquor This reverse action is necessary m the open-type kettle to 
free the w'ool from air Air bubbles remaining in die matenal cause un- 
dyed spots and, in most instances, by proper alternating of the circula- 
tion the white dots may be avoided The alternating circulation is bene- 
ficial only for the wetting out 
Once actual dyeing has started it 
is much better for the preservation 
of the strength of the w'ool to run 
the machine only one way, from 
the inside out 

When working witli apparatus 
wnth the steam coil fixed inside, 
it is advisable to shut off steam 
while the liquor is penetrating the 
material from bdow upwards. 
Since otherwise there w^ould be 
danger of the low^er lay^ers be- 
coming too deep a shade because 
of excessive^heat and of die mate- 
rial suffering in consequence 
The installation of a separate 
heating chamber for heating the 
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liquor IS for this reason more advantage- 
ous and builders of wool-dyeing machines 
quite generally pay due regard to this fact 
Dyeing in one layer is generally preferred 
when dyeing loose wool, since larger quan- 
tities may thus be dyed in one lot. 

The best-known representative of the 
open machine is the Hussong machine 
This machine (Fig 2 and Fig 3) con- 
sists of a rectangular vat with two sections , 
the smaller section on one end of the 
box carries the circulating equipment, con- 
sisting of a motor that drives two propellers 
situated m the lower part of the box The 
wool IS packed m a removable metal basket 
that rests on a protruding ledge inside 
the larger section in the machine To save 
steam the cages have tight-fitting covers 
The procedure is as follows The cage is 
loaded away from the machine by manual 
labor, which has to be done very carefully 
to avoid uneven places which would allow 
the liquor to penetrate certain places more 
freely, causing uneven dyeing The loaded 
cage IS then closed and, with the help of a 
hoist, transported into the dyeing chamber 
in which the dyeing liquor has been previ- 
ously prepared The motor is started and 
the propellers force the dye liquor through 
the matenal in the cage The circulation is 
easily controlled by a switch for starting, 
stopping, and reversing The liquor is 
heated by perforated steam pipes running 
along the bottom of the d3'e chamber When 
an addition or a change of the bath is nec- 
essary, the cage can be elevated in two min- 
utes The unloading of the cage after com- 
pletion of the dyeing is done very rapidl} 
by lifting the cage out of the machine and 
running it on the overhead track away from 
the machine The bottom of the cage is so 
constructed that it can easily be opened and 
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the stock emptied 
either m trucks or into 
a pit directly on to a 
Qonv&yoT belt, which 
delivers it automatic- 
ally to squeeze rollers 
and later onto a con- 
tinuous drying ma- 
chme (Fig 3) The 
unloading time is less 
than fi\e minutes after 
which the cage is avail- 
able for a new lot The 
machines are built in 
seven different sizes, 
from 20 pounds up to 
500 pounds wool capa- 
, , city ^\^len used for 

noils, or similar material the capacitj* increases 
xA.notlier machine of the open t\pe is the Obermaier (Fig. 4) The 
matenal is packed into a arcular \at and rests on a perforated bottom. 
This bottom acts as a earner and can be lifted out of the machine, after 
the d} eing process, with tlie help of the chains fastened to it B3' replac- 
ing this loose w ool earner witli a 3 am earner the madiine can be con- 
verted into a 3'am-d3’eing apparatus 





Fig 


■4 Obermaier stock-and jam-djemg macliine. 
(Courtesy Slanda^-d FabncatmSj Inc ) 


Pressure ^ock-dyewff viacJnnc Representing this time of machine 
are the Franklin, the Riggs and Lombard, and the Venango. Figure 5 
show s diagrammatically the general construction and the liquor flow of 
the pressure machines The Franklin and the Venango madiines ha' e 
the ^vpansion tank separated from die mam kettle w hereas in the Ri^s 
and Lombard niadiine the rnain kettle and expansion tank are one unit 
eliminating thereb3* all outside pipes, ' ah es, and fittings except steam, 
water, and drainage connections 

The ^pansion tank is used for feeding and dissolving the d} es and 
metmcals In loading and unloading the same principles are used as in 
the Obermaier open madiine Depending on the t3-pe of carrier, the 
xnEcliincs can be used for stock as well as yarn dveiiig The pressure 
range is from 10 to 50 pounds per square inch The Franklin and tiie 
Venango machines are equipped widi pumps, whereas the Riggs and 
Lombard machine uses a propeller to circulate the liquor Tlie one-"-a' 
mculation produces the best results in stock d3 emg The pressure ma- 
chine preser'es the material being d3'ed better than the open machme. 
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rcbuUing in y.irns wlnUi arc 5 lo 10 per cent sti ongci ^ urns spun from 
stock-dyed wools are generally from IS lo 30 per cent weaker than the 
same yarns spun from white wool, depending on the depth of shade and 
the dyeing procedure 


rtow OUtSlDC*IN 



flow iNSlOt • OUT 





Fjg 5 cireuJatiOT m a pressure-type stock-ypn dyeing machine indicating 
ow 01 liquor through raw stock as well as yarn packages 


For dyeing vat colors, the so-called circulation 

lust built on the same princple as the two systems 

erallv hmli- Contrary to other wool-dyeing machines, they are gen- 

does^ot arlvprwi”’ ^4 a’kaline vat liquors best and 

oes Mt adversely affect the vat colors themselves 

Yided vat-dyeing apparatus, like the open dye vats, are pro- 

Perforated lid ff ^ closed with a 
ParatS IS a nt? ^ Connected with the ap- 

thorough extSin? squeeze rdlers, which provide for very 

effected e^dusivHv h ^ circulation of the liquor is 

of the in?er reversible action The bottom part 

sides are solid and^nni agmnst the outer dye vessel , its 

thus forcing the hmin . ® removable lid are perforated, 

tfon of the^smdl fwtrh towards mechaniza- 

Today mech- 

Of continuous nrnrlcc " ^ i ^ houses are entering the era 

"f ■» th,s age 

g rrobably the first fully continuous dyeing process for 
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wool stock was i}c\ eloped during World War II It«* application wa*- 
limited to indigo, which v'ould mean low -tc mj'craUirc dj emg The prot* 
css IS based on the passing ot the 'oo=c ool tin nimh a dj e t ram approx- 
imately 200 feel long The machine ( 1 «g 6 1 is more or less a duplicate 
of a raw -wool bcouiing tram and consists of c gin I'owh mtcrvonncetctl 
bj squeeze rollers and mobile apron« ni which the wool is transported 
through the bowl liquor at a fixed rale m sp^c 1 1)> the propelling motion 
of harrow forks It lakes the wool fonN-fiie mmnte« to travel irom the 
first feeder of the machine to the outlet of tl'i’ dri er The ilelivcry is reg' 
ulated so as to assure c\cn fecdi* g and to arm tarn a p.<sh’rtion of 550 
pounds of djcd wool per hour 


>OL 



^acL rtow 

Fig 6 Diagram of intligo dye train. 




Each bow 1 in tlie dj e tram performs a specific function The first bow 1 
sen es to w'et out the scoured w ool pnor to its entrance into the dv c \ at . 
tlie second and the filth bowls constitute the a>c N-ats ; the third and the 
sixth bowls act as the oxidation bathb, and the lourth, sexenth, and 
eighth bowls perform a rinsing operation Conceriung dimensions and 
mechanical and structural operation, the two dye vats arc larger .md 
slightl} different from the others Basical)} . the construction of all eight 
bowls IS similar Each bowl is dnided honzoiiially into two sections by 
a perforated iron plate tliat extends along its entire length, approxi- 
mately 1 foot below the top nm of the bowl 
Temperature equilibrium is maintained throughout operation b> 
thermostatically controlled heating coils, also located in the segment ot 
the bowls directly below tlie perforated plates. Regular steam inlets are 
incorporated in each bowl for adjusting the liquor temperature to the 
desired level m the shortest time when starting up with fresh liquors 
The squeeze rollers located at the extremity of each bowl direct the 
excess liquors into an oierfiow compartment, separate from the bowl 
proper From this oxerflow compartment the liquor may be pumpeu 
bade as the beginning of each boxxl, as m the case nf the \\ ettmg out and 
the oxidizing and rinsing baths, or pumped to other points m the circu- 
latory' system, as in the case of the dye vats 
The second and tlie fifth howls constitute the dye boxxls and entail 
spedal features, as shown m Fig. 7 They haxe a wooden ducker roller 
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A, located before the range of the har- 
row rake Across the entire width of 
the machine, the transverse blades of 
this roller immediately sweep the mate- 
rial below the liquor level To maintain 
this submerged position of the material 
the first four rows of the harrow forks 
are fitted with perforated metal immer- 
sion boxes B 

Because of the consistency of the 
dye-bath liquor and the increased mate- 51 
rial ratio in this bowl, it has been found 
mandatory to disarrange the harrow ^ 
rakes from their parallel position This ? 
new unparallel arrangement inverts a 
the material during its passage through i 
the bowl The harrow fork delivers the o 
material to a more rapidly moving crab ^ 
C The crab is comprised of several g- 
rows of metal prongs of ever-decreas- ^ 
>ng length that urge the material into ^ 
^ tt>P of the squeeze rollers Dj ^ 
and D„ To alleviate the effects of pre- g 
oxidation of the dye bath at this critical §• 
stage a partially submerged arrange- § 
Ijjcnt of the bottom roller is necessary § 
prevents cascading of the liquor 3 
The squeeze rollers are in a com- x 
partment E, attached to the body of ® 
jne bowl but separated by a plate F. ^ 
his separation plate reaches up to the g 
a se bottom G, thereby eliminating the “ 
of contaminated liquor to the 
>c bowl proper, directly behind the 
submerged squeeze roller The top 
roicr which is slightly larger in 
anicicr, js lapped with hard rubber, 
n c the bottom roller D-. is constructed 
’ iron The speed of rotation of the 
K ,*^*^*°” bowls IS approximate- 
^\icc as high a«t in the other bowls 
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The liquor is fed to tlie dye bowls at two points H, both being below 
the surface of the liquor One is located directly behind the ducker roller, 
whereas the other is approximately one-quarter of the distance to the 
squeeze rollers Circulation is maintained by the continuous drawing of 
squeeze liquor from the overflow compartment of the first dye bowl, 
straining it in the material trap I, and pumping it to the second dye bowl 
from where the same procedure of drawing, straining, and pumping 
delivers the liquor to the feed tank for replenishment and, thence, to the 
first dye bowl again A 4-mch equalizing line J between both dye bowls 
IS conducive to a constant liquor levd 


Top- or Slub-Dyemg Machinery 

In the days following World War 1 probably the largest percentage 
of top was still dyed (in the Klauder-Weldon machine) m the form of 
hanks mounted on revolving carriers that are fixed on dye wheels With 
half of the wheel in the dye hquor as it turns, the slubbmg passes con- 
tinually through the stationary dye liquor. 

In this type of irlachme a certain amount of felting is unavoidable and 
this, coupled with the trouble of unwinding the tops and balling them 
again after dyeing, has called into existence numerous machines m 
which the tops are dyed as such Two mam systems are in use In one, 
several balls are placed over perforated pipes, called spindles, which 
are enclosed within a cylmdncal tank, the lid of which is securely tight- 
ened. The lower ends of the spindles are inserted into a perforated bot- 
tom The dye bath, made up in an auxiliary tank, is circulated by pump- 
ing it through the balls with enough pressure or suction to overcome the 
resistance of the wound top and to get a desired rate of flow The Frank- 
lin Process Company specialized in this type of machine The difficulties 
with this machine are in the loading, which, if not properly done, leads 
to uneven penetration 

^ A similar but open machine is built by Riggs and Lombard It con- 
sists of a rectangular box, to the bottom of which is attached the desired 
number of perforated spindles At one end of the machine is located a 
vertical, motor-driven, centrifugal pump 
During the dyeing operation the tops are compressed and held in 
place by the conventional cap and bar arrangement Unloading may be 
accomplished by means of a chain hoist fastened to the clamping bar, 
which in turn lifts all the tops in one operation with the aid of chains 
that are fastened to lifting plates under each column of tops 
A new way of top dyeing was introduced by the Abbott Machine 


39 



Fig 8 Installation of an Abbott top-yarn-dyeing machine 


Company m 1929 under the name of the Abbott dyeing process This 
found so much favor in the New England section that as eaily 
as 1932 the manufacturer was able to claim a productive capacity of 
pounds yearly 

til equipment comprises a specially designed gill box 

'^h'ch the top sliver runs (m an untwisted form) and from 
Ti 's then wound under tension on a perforated-metal dye spool 
yeing is carried out on this nerforateH mpfnl ennol whirh ib Inrh-pH 


IIULCQ tnat tne macmne nas a laise bottom, and 

P er IS rotated from a perpendicular shaft driven from 


a motor 
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mounted on a perforated 
column wholly outside 
and above the kettle 
This perforated column 
with Its motor assembly 
IS readily removed as a 
unit 

The loaded spools arc 
placed over specially de- 
signed orifices m the up- 
per bottom and the de- 
tachable plate clamp cov- 
ering the upper opening 
of the spool IS secured by 
the turn of a nut placed on 
the exposed upper end of 
the stay rod This holds 
the spool rigidly upright 
and seals securely both 
the upper and the lower 
openings of the spool, 
so that by necessity all circulation must pass through the perfora- 
tions The barrel of the spool is large and the thickness of the 
material wound thereon is relatively thin The circulation is down- 
ward into the compartment formed by a false bottom and upward 
through the spool, returning through the perforated central column 
This circulation is designed to give a volume of flow, either cold 
or hot, nearly double that of other existing circulating equipments 
The velocity of the flow is decidedly low Light, easily handled, but 
effective covers prevent steam from escaping into the dyehouse 
These kettles are made for two, six, or eighteen spools and may dye 
less than full capacity w'lth perfect results The kettles are supplied in 
wood, with all aluminum or all stainless-steel fittings The Abbott dye- 
ing machine is the only one that is constructed of an aluminum alloy, 
which has proven quite suitable for regular chrome dyeings 

Pot- or Can-Dyemg Machinery 

The pot- or oan-dyeing system, which is considerably simpler, orig- 
inated m Europe in the early 1900’s but has been used in the United 
States on a large scale only since World War I It is favored in the 
Philadelphia and Passaic areas Figure 10 illustrates the English version 
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of this type. Noniiallj, one ball is placed into a \ertical can with suit- 
able perforated lids and bottoms tlirough which the liquor enters and 
penetrates the material The machines are built with four, eight, sixteen. 



Fig 10 Can top-dycing machine iCallcbaut and Dc Bhcqity ) 



It Loading of a can top-dyemg machine 
{Courtesy Forstmann Woolen Contpatty ) 
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or thirty-two cans, and have a capacity of 30 to 500 pounds The latest 
cans are made either from a glazed material (like porcelain) that is 
called Vitrahte, or from stainless steel In this type of apparatus the 
presence of metal is so considerable that only the best alloy is suitable. 

The advantages of these machines are many 1st, quick loading and 
unloading two men may load and unload a thirty-two-pot machine in 
twenty minutes , 2nd, the evenness of the dyeing and the penetration is 
of a high unifonnity, and the top is preser\ ed to such an extent tliat re- 
combing is not necessary , 3r a, flexibility in order to dye a smaller 
weight than the one for which the machine was intended, half of the 
cans are fitted witli a device that stop them off by simply turning the 
cans half w'ay around on their conical base 

Yam-Dyemg Machinery 

The dyeing of yarn in machines is not done to the extent of raw'-stock 
and top dyeing, because it is more difficult and needs special attention 
Apart from tlie fullest preservation of the matenal, and the avoidance 
of felting and crushing, the demand for greatest uniformity of the shades 
has to be met, as no blending is possible to correct differences in shades, 
as with stock- or top-dyed matenal Special consideration in y^arn dye- 
ing should be gn en to the selection of suitable apparatus, because the 
different systems \ary considerably 

Hank dyeing Yarn m form of hanks or skeins may be dyed in ma- 
chines according to the packing system, the hanging system, or the 
spindle system As the names imply, in the packing system the yarn is 
packed into the apparatus and in the hanging system the yarn is sus- 
pended in the apparatus In the spindle system the yarn is dyed in the 
form of packages, cheeses, spools, etc In selecting an apparatus the 
same distinction must be made as m slub-dyeing machines, i e , those 
in which the liquor is forced through the material and those in which 
the material is taken through the liquor 

Whereas in other countries, especially Europe, apparatus built on 
the principle of dye wheels (as the Klauder-Weldon machine already 
discussed under top dyeing) could not make any headway in the dyeing 
of yarn, this machine is still used extensively m the United States The 
large ]ob-dyers do the scouring as well as the dyeing in this t)rpe of 
machine Reserve wheels that enable them to prepare the new load out- 
uiachine are used In completing a dyeing the entire wheel with 
the dyed yarn is taken out of the machine and replaced by a new one, 
an operation which is done in few minutes 
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The general tendency is away from the principle of dyeing by 
moving the material in a stationary liquor Therefore, the new mechan- 
ical apparatus in which the yarn remains stationary and the liquor is 
agitated is favored. The same pnnaple of construction prevails in yarn 
dyeing as discussed under stock and top dyeing Actually, the same ma- 
chines are used with the exception that the carrying device may be dif- 
ferent There are three main systems in use . 

1. Dyeing of yarn according to the packing system The yam is laid 
into the vat in layers and placed in alternate directions The hanks of 
the second layer are at right angles to those of the first, thus ensuring 
a uniform packing of the yarn and, at the same time, a more uniform 
penetration of the yarn by avoiding the formation of open channels This 
method is rarely used in the United States 

2 Dyeing of yarn according to the hanging system The yarn is either 
suspended on narrow rods, sticks, or cords, and then is grouped into 
blocks which are placed in the machine The machine mainly em- 
ployed IS the Hussong machine (described under stock dyeing) Instead 
of using a cage, the top cover is provided with self-unloading yarn racks 

where the hanks are hung 
on sticks (Fig 12) These 
racks are easily lifted out 
of the machine with the 
help of a pneumatic lifting 
outfit and transferred to 
special trucks, where the 
yam can hang until com- 
pletely drained 

3 Dyeing of yarn ac- 
cording to the spindle sys- 

Tij, n system the 

Uiagram of Hussong skcin-dycing yarn may be dyed in the 

form of cops, packages, 
d\cincr«f- cheeses, or spools The 

>s cen^ oops IS not very practical The dyeing of packages or cheeses 
I machines as described under stock 

oarripre rr raw - stock -dyeing machines furnish special yarn 

0^ Well machine can be used efficiently for stock 

dyeing These dual machines are of particular value in 
’"^]}J’^j*oture stock and top-dy ed goods with multicolored 
tl.C’-c*or small amounts of these effect \arns arc needed and 

c, the most economical way is to dye them in the yarn ’ 
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board tubes have pi oven \ery suitable and most economical. Figure lo 
illustrates one method of loading m the carrier system. Four packages 
and three spacers are dropped ovei each of the fluted spindles rising 
vertically from the bottom of the carrier 
The spacers between each package are stainless-steel collars that con- 
nect the perforated tubes and avoid deforming of the packages by press- 
ing or shrinkage, as well as possible leakage A clamp nut is screwed on 
top of each spindle to fasten and seal the whole column, thus preventing 
the liquor from going anywhere except tin ough the yarn 
When fully loaded, the cairici is lifted fioin the floor and lowered 
into the dye tub with a hoist When dyeing is completed the can ler is 
lifted out of the tub and the yarn vacuum-extracted and dried, while 
still on the frame The packages are not removed until ready for use 


Dyeing tn jackspools or large dye spook has become very popular in 
the United States because of its great time-savmg factor Two processes 
are used, namely, the Franklin process and the Abbott process 
^n the Franklin process, the dye spools are wound from regular 
wooden jackspools (see Chapter IS), or they can be built from bob- 
bins, cones, or parallel tubes exactly the same as a regular spool The 
yarn to be dyed is wound onto a jackspool with a perforated barrel 
iUese spools carry from 10 to 35 pounds of yam, allowing great lati- 
tude in the weight of the lots to be dyed 



rankhij-process jackspool-dyeing machine. 


Tlie spools are placed 
vertically in the dyeing 
machine (Fig. 14) It 
takes less than fifteen 
minutes for one man to 
load a SOO-pound ma- 
chine The machine is 
provided with a heavy 
metal cover that is closed 
during the dyeing process 
The kiers of the machine 
are built of 4-mch cypress 
or entirely of acid-resist- 
ing metals 
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Machines for Drying of the Dyed Material 

For proper drying, in whatever form — of the dyed stock, the dyed top, 
or the dyed yarn — drying machinery has to be provided In drying of 
raw stock, the same machines are used as m drying of scoured wool 
The procedure to he followed after dyeing to restore the top or slub- 
bing to the proper condition foi drawing and spinning depends on the 
dye process and the handling of the process When dyed m hank form, 
the slabbing is rinsed in the dye machine, then extracted and dried in 
hank form in special dryers In the hank-dyeing process the production 
of neps by partial felting and curling of tlie fibers cannot be avoided and 
a recombing is necessary to remove these neps This is done by placing 
the hank around a broad flanged, hat-shaped arrangement of tin, 
mounted on a spindle, from which the end runs through rollers into a 
’\can From these cans, the end is then taken through gill boxes, which 
=!traighten and open the fibers, or effect a mixing of the colors, if re- 
quired Afterwards the yarn is “punched” for the Noble comb or goes 
directly into the French comb 

A sufficient rinsing cannot be given the top-dyed ball in the dye ma- 
chine Itself, therefore the rinsing is combined with the drying, gilling, 
and mixing by lunning the ball through a back-washer, especially built 
for dyed top 

Instead of only two scouring bowls as built for back washing white 
top, the machine is provided with five compartments The first bowl is 
filled with an alkali-containing liquor (J4 lb soda per 100 gallons) to 
neutralize any excess of aad , this is especially necessary for deep blacks 
dyed with sulfuric acid The next two bowls are filled with a very 
dilute soap solution of 4 to 8 ounces flake soap per 100 gallons Synthetic 
detergents are preferred when soft water is not available The last two 
bowls are supplied with soft water and act as rinsers The temperature 
of each of the five baths is kept around 100 degrees F The dr 3 nng of the 
top IS then accomplished by running it over perforated cylinders or it 
is carried on a wire apron In both instances it is dried with hot air A 
gillmg operation finally follows for opening the fibers and to faalitate 
drafting in the succeeding operations When carefully handled by the 
dyer, the recombing of can-dyed top is not necessary 

Without doubt, the Franklin and the Abbott drying procedure is the 
most economical, because after dyeing to shade and proper nnsing, the 
spools with their dyed contents undisturbed are taken from the kettle 
and, while still wet, are placed in the drier (Fig 15) 

The spool IS placed over a horizontal arm or stud, in principle the 
same as the spool is placed m the dye kettle, and in like manner it is 
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locked over a special orifice at the rear of the drying compartment and 
held in rigid position by a plate clamp and hand screw at the outer end 
of the spool All air, by reason of this arrangement, passes through the 
spool perforations 



Fig 15 Top- and yarn-drying apparatus with blower 
(Coiir/cjy Abbott Machine Company) 

The drier accommodates eighteen spools at one time (500 to 540 
pounds) or, as with the dye kettle, the spool openings maj' be blocked 
off In this case an unperforated "dummy” spool is used, so that any 
number of spools may be dried In operation, the air is blown through 
tlic spools and expels the water This is accomplished in a very few 
moments, then warm air is introduced and passed through the material 
until ii js drj' Fine top will be dried to a definite moisture content in 
about three hours, coarse top and yarns in from one to one and one-half 
hours Rack-washing is dispensed with entirely After drj'ing, the spool 
IS placed m a^ six-spool creel and condensed cither five or six to one 
thmuqh a plain balling gill, and thence to the drawnng proper 

I'or the d>cd yarn the drying procedure in the Franklin and the 
vbiiott process (in w’hich the yam is dved on perforated spindles) is 
evict h the same as described for the Abbot t-proccss djed top After 
the yam may be run from the spools on a rewind'er to a dresser 
or ’t may be placed in a jackwindcr and run onto bobbins, or it 
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may be run on the cheese or cone rewmder directly into the desired 
package form 

Obermaier follows a similar drying system for the package-dyed yarn 
The carrier, loaded with 18 to 72 cheeses, is lifted out of the dye kettle 
and first placed on top of a vacuum tank In a few minutes tlie excess 
water is extracted down to approximately SO per cent moisture in the 
yarn The carrier is then connected with a large blower unit and warm 
air blown through the spools until they are dry 


Piece-Dyemg Machinery 

Piece dyeing is the only dyeing process for which the machine builder 
has not yet succeeded in constructing a satisfactory madiine in which 
the dye liquor is circulated and the goods kept stationary Piece goods, 
N whether all wool, all worsted, or composed of mixtures of cotton, wool, 
and other fibers, are dyed in the same type of machine The dye beck 
consists of a rectangular box with a curved back sloping inward toward 
the bottom A slat reel or winch that is mounted on the top, lengthwise 
of the machine, is usually driven by individual motors on each machine 



Multireel stainless-steel dye kettles 
{Courtesy Forstmann Woolen Company). 
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The piece is sewed end to end over the reel so that, when the reel re- 
volves, the pieces move continuously through the dye bath Figures 16 
and 17 illustrate such a machine The average kettles are built to carry 
from two to four, or eight to twelve pieces, depending on the weight, 
each measuring from 50 to 75 yards in length The kettle is heated by an 
open steam iw ein front of the-ma chiiie_wJ ;iich'is j5eparated from the 
ac tuSfo yein^llSm ber by a p erforated ^part itioiiAyhich pr e vgnt&,th&Gloth 
fromo iming-m^ireCT^ntacT with the steam and^Tows the bath to be- 
come heated uniformly. These machines have been constructed of wood, 
but the present trend is toward all-metal machines Monel metal has 
bcOT used successfully for lining wooden machines, but stainless steel 
(Enduro 18-8-SMo) has been found to give the best results The use of 
metal is much more satisfactory than wood because the machine can be 
readily cleaned after use, and light, bright shades can be dyed after 
blacks or other heavy colors with no alteration of shade as in the case 
of wood For economical reasons the machines today are totally en- 
closed In the last few years quite a large number of dye houses hai e 
replaced their old open kettles with totally-enclosed, stainless-steel dye 
becks The saving on steam consumption alone is 30 per cent or more 
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machine The new reel has the a(l\antage of keeping the cloth in the 
d>e liquor most of the time and avoids an unnecessary stretching of 
fabrics such as fine crepes 

For proper observation of the pieces during dyeing, the top of the 
machine is fitted with an acid-proof light Sliding doors in the back and 
the front have small windows The front door is normally set back, 
allowing the dyer to make addition of d>estuffs or chemicals without 
opening the machine The dram valves aie outside of the machine ,3^ 
1 ^nt jidv'anee is ►to dieat tlie dy e Jigiior^Uu ough^-systeiujoijiotiivater 
inst^d^oiJ>ywdtWSt>sfcedn 

Tolivoid unnecessary felting of delicate goods, machines are fitted 
with low- and high-speed drives For greatest security and accuracy, 
automatic time- temperature- and steam-control systems are considered 
a necessity 

Continuous ■woolen piece dyeing No other d) emg method lends itself 
so readily to continuous operation as does piece d^ emg Whereas con- 
tinuous dyeing of cotton, ra) on, and mixed piece goods has been suc- 
cessfully solved, the only really successful continuous woolen piece 
goods dyeing on a large scale was done during World War II m the 
dyeing of the 11-ounce Navy flannel W'lth indigo The difficulties en- 
countered in developing this process at the Hampshire Company were 
lepoited by George Linberg 



18 Continuous woolen piece dyeing {Courtesy the Hampshire Company ) 
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The essential parts of the machine are a rectangular, 3000-gallon tank, 
70 inches wide, through which the pieces pass in full width, threaded 
over and under a series of guide rollers, fully immersed in the reduced 
indigo liquor Above the tank is a sky frame which is needed for the 
proper oxidation between dips (See Fig 18) To produce the full 
shade, the flannel is given two dips of three minutes each, with a five- 
minute skying or oxidation after each dip Two sets of squeeze rollers 
are necessary to recover the excess dye liquor and to assist in the proper 
penetration of the dye through the cloth The speed of the machine is 
10 yards per minute and the goods coming off the end of the machine 
we plaited on trucks After dyeing, the cloth is scoured in regular 
dolly washers Linberg stated that continuous piece dyeing of woolen 
goods with indigo is but a prelude to a much more ambitious program 
of the application of vat colors to all wool fabrics and wool and mixed 
To include acid and chrome colors in this program, 
^ullam Wentz of the Du Pont Company designed the multilap con- 
muous processing machine The first model of this machine has pro- 
uced promising results but there is still a long way to go before a 
^mpie continuous dye method for woolen and worsted piece goods can 
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are added various colonng materials ^uch as dyes, some parts of the 
white light are subtracted out from the light that is reflected back to the 
eye If a yellow dye is put onto wool, part of the white light is absorbed » 
if a red dye is put onto a second sample of wool, another part of the 
white light is absorbed , and if a blue dye is put onto a third lot of wool, 
still another part of the white light is absorbed If dl thr .ee,Q£ihese^dyes 
arejpat^onteon e. sample of w oMra.nd-thev ar.e!suSiS5itlv-heavv-.to ab- 
soib-all-kmd s-Of visibl eJi^t. thejietjgsult is^thgriefQre, a-black Since 
these three colors are adequate to absorE’allthe kinds of light and pro- 
duce bladcs^heywa re , k nown-as^fe nma y v colors If red dye and blue dye 
are put into wool, the resulting color inrnost cases will be purple If a 
red dye and a yellow dye are put onto wool, the resulting color will m 
most cases be an orange, and if blue dye and yellow dye are put onto 
wool, in most cases the resulting color will be green 
In theo^jj illjCOlQrs-can be^matdied wit h th.e j/treg.,^niiiqi?g.y How- 
ever, in practice it will be''found that in gen'eml a mixture of a red dye 
and a blue dye, which will produce a purple, will not produce a brilliant 
purple equal to that produced by the use of a single dye Therefore, i t 
i^pt Gorceof to say thrall shades canjie matched .by^miiong-the-pri- 
n;aiie_5«JEed,,i3ue^^Jan55^ this\oncept of the three 

primary colors and the resulting mixtures is of use to the dyer In 
selecting the colors which a dyer should have on hand, the first consid- 
eration must be given to the classification of dyes Thus, it may be neces- 
sary to produce many shades of wool dyed by a particular dyeing 
method and all the colors must have certain fastness requirements. Such 
a classification will greatly limit the dyes it is pbssible to use '^ Within ^ 
this,,goxipTJaDW6ver.7'4tMsjr«rynmport?intJx>.Jbave«thrthre^-primary 
CQl^g*jg_g^ed,.yello:^jn<iJ:)lpe With these three primary colors, most 
of the shades encountered by the dyer can be matched There are two 
important exceptions to matches made this way one is a standard shade 
produced with a single dye of great brightness that cannot be matched 
with any combination of the three because it,is,tqoJbriIliant, the other 
exception is in dyeing dark shades It will u^^jLB^OjmdJCOorq eco- 
nomical to dye blacks with a blackjd ye t han to attempt to dye blacks by 
mixtures of three primaries "Tfus same economical consideration ap- 
plies tQjiavjLMus aiind j ithfii^dark co’or^^evertheless, even m the case 
of these dark colors, it is ha ndy to have the thce!S.Erimary ^es^ayailable 
for shadmg_p,urpo ses •>->«»«— - -- 

Hue 

A second important application of the principle of subtractive colo- 
rimetry IS that it gives a nomenclature to colors A circle may be drawn 
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w ith the word black at 

sreen.Muc, a nd-^Kr.^/c.around.,thc_QUtsidejoLtIie^ciccle,anuthaLordei:^ 
Trunilustrates how many of the common colors can vary m shade For 
instance, traveling around the circle m one direction, from yellow one 
amves at green, while traveling around the circle from the other direc- 
tion, one arrives at orange If, now, a number of yellow samples that 
differ in hue are examined visually, it will be found tliat they, too, vary 
accordingly as they are more toward the orange color or more toward 
the green color In an everyday situation, when a dyer has a standard 
yellow shade to match, the first shade may vary in hue from the stand- 
ard This variation may be described by the dyer as "redder” or 
greener,” which means that the sample deviates m appearance in the 
same manner that an orange sample deviates from yellow, or m the 
same way that a green deviates from yellow T able 2 give s-th^eviations^ 
which the brighter samples m ay ex hibit_ 

TABLE 2 DEVIATIONS IN HUE 

Bluer Yellower 

OrMge Redder Yellower 

X®*‘OW Redder Greener 

Yellower Bluer 

Greener Redder 

I^arple Bluer Redder 

Tahl'^o^^ ^ noted that there are two very important colors omitted from 
QneasJilack and the other is brown These are colors Jhatarfr. 

therefore, ihey.can deviate 

standaVi nomenclature foroeviation of these colors is less well 
■varv in system in fairly wide usage is that blacks may 

that th ^’^s^nner by being blue (or bloomy), which is an indication 
•nay va^ tT present to the greatest extent, or the blacks 
ydlow being green, which is an indication that the 

saajDle* ^ greater extent than it is in the bluer 

indicaty thay be a reddish black or a plum black, which is 

riher two i ^ ^ greater amount of red present than in the 

the event a yello wer brow n or, m 

b row II “ itie-pnmaryjs»presenfcin less^amount, it may be a 

^ tl) /i '^wn« 

'riorist a subtractiye color system is in giving the 

’’•stance ™ proper colors to add to correct the shades For 

n an orange sample is prepared, it may deviate from the 
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standard by being redder in shade With an understanding of tlie color- 
mixing circle, it IS obvious that both the standard orange and the sample 
orange representing the lot are essentially mixtures of red and yellow 
dyes It should also be clear from a consideration of the color circle 
that the smal’er the amount of yellow in the mixture of red and yellow, 
the redder the sample will be, and, conversely, the smaller the percent- 
age of red, the yellower the shade will be In considering these two 
samples, therefore, it is clear that the sample of orange taken from the 
lot contains too high a proportion of red dye The way to correct this 
shade is, therefore, to addLyellow«dye"that will restore the proper pro- 
portion of red and yellow in the samp’e In this way, the proper hue of 
orange will be created Similar considerations show that in Table 2 if a 


color in column 1 is off-shade from standard as indicated by the descrip- 
tion given in column 2, then the primary dye that must be added is given 
by the color listed in column 3 This sta tement iq not quite t rue-because 
sometimes*gre^is-listedjti- columtL 3^ut. in any event, t o change a 1 
in^g,diregtioiLaio;aniJieja^ color musfbe addiid that is fart 
around the hue circle than the standardT""^ ^ " 


Strength or Weight of Dyeing 

There are two other equally important factors in color matching in 
addition to hue One of these relates to the total amount of dye present 
and may be called the “strength” or “weight” of the dyeing Thus, in 
the example above, it might be clear from a consideration of the hue 
circle that the sample was redder in shade than the standard orange and 
it might be clear that a yellow had to be added to correct the hue, but, 
unfortunately, if enough yellow were added to match the hue, then the 
total amount of orange dye present, that is, the total amount of dye that 
produced the orange color, might be greater than the amount of dye 
producing the orange standard This would mean that the sample had 
been overdyed and it would be necessary to stnp off some of the color 
in order to arrive at the correct shade This is a difficult, expensive, and 
not wholly satisfactory process and, therefore, it is customary for the 
experienced color matcher or dyer to approach the match to the standard 
trom the light side, that is, he adds dyes in the proportion he believes 
necess^ but ordinarily does not add the total amount of dye the first 
ime Thra, by visual examination and comparison of the standard 
apinst the batch sample, he can ascertain whether additional dye in 
previously used must be added or whether the proportion 
deotVi nf order to correct the hue as he approaches the final 
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Brightness 

A third, and equally important aspect of color matching, is brightness 
Brightness is that aspect % which a cherry red differs from a brick red 
In terms of the primary system, a brighter color is one which contains 
less of the dye located directly opposite to it in the color circle. Thus, 
an orange sample that is brighter than standard contains less blue than 
standard If a sample of orange differs from a standard orange by being 
brighter, it is possible to add a \ety small amount of blue and correct it 
lor the off-shade Adding the blue will not make the orange redder and 
Will not make it yellower but will only make it duller If the sample is 
duller than the standard to begin with, it is theoretically necessary to 
remove some blue dye from it but, since this is usually impossible, if a 
yeing has proceeded to this stage it is impossible to bring it to an exact 
a cn without stripping some color off Accordingly, the experienced 
the ddl side shade from the bright side rather than from 

, for the dyer to bnng his lot of wool to the 

deoth .aspects, eg, hue, strength or 


oTifi. rM ouun.mis.w.orK me concept 

^^j^^^J^“=*'™»a-Colois.an!Lthe concept.ot,the„c 9 l?r 

Color-Matching Instruments 
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vantage to the dyer One application is the maintenance of permanent 
standards The colorimeter can measure a sample and get absolute 
data It can measure the same sample a year later and determine 
whether or not the sample has changed, while it is impossible for the 
dyer to remember the exact color over a period of a year In other 
words, the work of a dyer is always the relation of one color to arf- 
other, and the problem of getting an absolute color measurement is 
best entrusted to instrumentation 

A second application is in the establishment of color tolerances Thus, 
It IS possible to state in numerical terms the degree by which one sample 
may deviate from another and still be within predetermined tolerances 
Although the dyer is able to look at two samples and state that there is 
a difference, there may often be an argument as to whether the observed 
difference is of large enough magnitude to be commercially significant 
or not Such differences can be evaluated with instruments 

A third application of instruments is in the evaluation of changes 
brought about by the various factors For instance, in testing for light 
fastness, it is customary to expose a sample to light until a change has 
been produced in the sample Here again, there may be some diflFerence 
of opinion as to the magnitude of the change and an instrument may 
be used to evaluate this difference and set up allowable fastness require- 
ments 


There are some instances where a proper interpretation of instrumen- 
tal data may be of assistance to the dyer in other applications than the 
three mentioned but these are the ones that are well established It is, 
therefore, of interest to note thatjjsgjof^ajMlQnmeter or a spectropho- 
tometer^hould complement the dyer’s work, buT^mcrirlTTina^ 
choose the proper combination of dyes and since at present it does not 
allow of rapid color matching, there is no indication that instruments 
will ever replace the dyer 

There are many other factors that are of importance in color match- 
ing One factor is the color of the undyed wool £aw«^oolpossesses 
n^BiaLjiy.s5^jlich^iyg^it ..a_yello wish color Some of these natural 
colors can be removed by bleaching but even bleached wool contains 
some residual coloring material Another factor is the difference be- 
tween the lesult obtained by dyeing wool and by mixing or blending 
different colored wools For instance, if a sample of wool is 4 per cent 
dyed with a b ack dye, a very dark shade may be produced If some of 
wm ^ 50 to SO proportion, the mixture 

T ^ wool This mixture will 

If, now, another sample is 
p epared with wool dyed at 2 per cent, again a sample will be available 
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that will contain 2 per cent of dye If a comparison is made between 
these two samples, each of which contains the same amount of dye but 
one containing it in every fiber whereas the other contains twice as 
much dye in some fibers and none in others, it will be observed that the 
2 per cent dyed samp’e is darker in color than the 2 per cent blended 
sample 

Another factor is the ability to determine colors, which may vary with 
the individual Abo u t 4 ne r,jcenL»of~men jt rjc colp rjbJind^to-^ome 
degcecJThis meanTthat some men can determine color differences more 
easily than others Another factor is that of the light source In general, 
a good color match should match under both daylight and artificial or 
tungsten light, although in some special cases it may be satisfactory to 
arrive at a match under one illumination only. 

Eye fatigue is an important factor If one looks at a bright red sample 
for a period of time and then turns and looks at a white ceiling, a spot 
similar in dimension to the red sample, but of a complementary color, 
namely, green, will appear on the white ceiling Psychological factors 
such as these, which are due to eye fatigue, are important in color match- 
ing The angle at yjneh a sa mple . i s viewed is verv jmpSftant Thus, m 
comparing two pieces of cloth, it is important to have the weave of tlie 
cloth oriented identically for each piece Widely different co’ors are 
often apparent with different angles of viewing and illumination The 
area viewed is important Thus, it is ordinarily easier to distinguish 
color differences if the two areas in juxtaposition are large than 
if the two areas are small It is also very important to have the two 
colors in juxtaposition, as two colors separated by some space are very 
Qimcult to judge with any degree of refinement 
Fluoresence is sometimes a problem, although most of the fast-to- 
•ight dws on wool are not fluorescent A fluorescent sample will vary 
in apparent color more radically with change of illumination than will a 
nonfluorescent sample, and in many cases will also vary more widely 
i' angle of view Fluorescent colors are also troublesome 

n that they deviate from the subtractive system of colorimetry as de- 
u 1 ^ Thus, it is possible for a red dye which fluoresces green 
make the sample appear greener It is contrary to the subtractive 
w system to have a red dye make a sample appear greener 
trn,5f*^2lp£jmay^ vary, .vvith.moisturcL^ontSntr' This is particularly 
IS t ^ sample recently removed from the dyeing kettle 

detor ^ standard Some of the more expert colorists can 

an»1 ^*"^7 "cll whether a sample ts a match even when one is wet 
tttn is not lniylj£juatch_shfiul^ be checked with the 

^^o_aniE] es having moistur e contem 
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Phototropism is also a factor in color matdung. Thototropism is a 
phenomenon in winch a sample that has been exposed to light appears 
different than when it has been kept in the dark This is distinguished 
from the phenomenon of fading by its reversibility Thus, a phototropic 
sample can be made to change under the action of light and recover in 
the dark and the process repeated many times, whereas a sample which 
has truly faded changed its color in tlie presence of light but does not 
return to its original shade. 

DYEING PROCEDURES 


Generally speaking, there are three classes of colors used for dyeing 
wool in all forms, namely * 

1 Acid and milling colors 

2 Chrome and mordant colors 

3 Vat colors 

Each group derives its name from the metliod of application. 


Dyemg with Acid and Milhng colors 

As a whole the acid dyes produce bright shades of satisfactory general 
fastness They are employed most commonly in women’s wear, sweat- 
ers, upholstery yarns, bathing suits, and many other types of woolen 
materials where tlie ultimate in fastness is not essential 
The method of dyeing from an acid bath vanes in accordance with 
the nature of the dye and the goods to be dyed These colors may be 
divided into five groups, according to their application In each case, 
the amount of acid recommended is tliat which will effect a uniform 
distribution of the dye within the dyeing penod and, at the same time, 
secure m economical exhaustion of the bath When dyeing is completed, 
most o£ the color will have been absorbed by the fiber, and the batli ivill 
generally contain little or no color 


Method 1 The d>es used in this method are such as will level easily 
at tiic boil from a strongly aad bath Level dyeing colors distribute 
lemsehes uniformly through the material and the individual wool 
5;^!: traperatures certain fibers in a blend of wool will absorb 

huf heavy during the early stages of dyeing, 

f bL^xvi,? it is a^mlable for other 

miers which absorb dye more slowly. These dyes have the peculiar but 
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important property of boiling on and off the fiber m an acid bath. This 
exchange of dye molecules between the wool fibers continues at the boil 
until equilibrium is reached, at which time each fiber will have absorbed 
about the same amount of dye The color is applied according to the 
following procedure 

The dissolved dye is added to the bath, usually m a volume of 20 50 i 
in relation to the weight of the material Then the dye bath is set with 
5 to 10 per cent calcined Glauber’s salt, 3 to 4 per cent of sulfuric acid 
(96%_66® Be) or 8 to 10 per cent bisulfate of soda (niter cake), de- 
pending upon the amount of dye used Ninety per cent formic acid may 
be used in place of sulfuric acid because it produces better levelness and 
penetration with some acid colors When dyeing light shades it is often 
good practice to replace sulfuric acid with the same amount of formic 


acid or 4 to 8 per cent acetic acid (28%). All per centa ges jaf-cliemicals 
.an45gents.aii££dcuktediinJJifijcky-Awcigli£S!HEe^ The goods 
are entered at 100 to 120 degrees F. and then raised to the boil in one- 
half to one hour and boiled for three-quarters to one and one-half hours 
T he wool dyer usually prefers to add all the m the bee m- 

m ng sq HltJintermeai^_add M are mneces saxvi 

Method 2 In this process colors are used that are dyed from a weak 
organic acid bath and, when necessary, complete exhaustion of the bath 
may be obtained by further additions of organic acids or with sulfuric 
acid This type of dye has a greater affinity for wool than the ordinary 
acid colors, and, therefore, must be handled with care These dyes are 
sometimes called acetic acid dyeing colors and are applied according to 
the following procedure 

, r® Soods are entered at 70 to 80 degrees F into the batli containing 
^ u acetic acid (56%) and 5 to 10 per cent calcined Glauber’s 

t If raised to a boil in one to two hours and boiling is con- 

inued for three-quarters to one hour more If necessary, especially m 
%vy shades, 3 to 5 per cent acetic acid or 1 to 2 per cent formic acid or 
0 2 per cent sulfuric acid are added gradually and the goods boiled 
shT+^lu three-quarters hour The acetic acid necessary to 

fL dyeing may be replaced on less sensitive dyes by one-fourth 
formic acid In machine dyeing, it is advisable to com- 
1 5 t6 8 per cent acetate or sulfate of ammonia and 

cnlnr.. cent acetic acid For “shading,” the extremely level dyeine 
On ^ added directly to the boiling bath 

theSth dyeing group is used for shading, 

uallv r?, cooled down before adding more dye and then grad- 

y raised again to the boil and boiled for twenty to thirty minutes 
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Method 3. In this group belong die dyes diat require only a small 
amount of aad for exhaushng die dye badi, as the)* are very apt to dye 
spott)' and uneven Because of this, many dj ers prefer to use ammonium 
sulfate, ammonium acetate, or dihydrogen ammonium phosphate m 
place of acetic aad Dyes m this class have a pronounc^ aflfeity for 
wool and the salts listed are used to obtain better penetration and level- 
ness These colors must be d} ed uniformly from the beginning to the 
end of the djeing operation because tiiey do not level well. Sucli dyes 
ha\e greater affimtj for the wool fiber tiian for the dje bath and con- 
sequendy they do not lea^ e die fiber once thej* have been absorbed. 

Method 4 This procedure is earned out in a neutral dye bath \\ ith 5 
to 10 per cent calcined Glauber s salt onlj* or i\ ith the addition of 1 to 3 
per cent of ammonium sulfate. 


Method 5, Tliis process is apphed to a group of dyes winch ha\e 
chromium in thar molecule and hence are called metakzed dyes In this 
group bdong the Neolans of Gba Compan}', the Palatines of General 
Dj'estuff Corporation, the Calcofasts of Calco Chemical, the Glj’colans 
of ^igy Company, the Chromolans of National Aniline, &e Chromaiyls 
DuPont de Nemours and the Vitrolans of Sandoz Chemical 
\> orks Metalized dyes are used especially for dyang piece goods, men’s 
wear, loose wool, tops, knitting yams, and carpet yams The metalized 
dyes are especially valuable for colonng unneutralized carbonized 
st(^ and for dualizing the different affinities of wools in a blend 
The dye baths are set according to tlie desired depth of shade and 
ratio of goods to the fiquor with 5 to 10 per cent sulfunc aad ( 66 ® Be) 
Md the w ell-dissolved dye. The goods are entered at 100 degrees F , run 
for ten ramutes without steam, and raised to the boil in one-half to one 
hour and boiled for at least one and one-half hours To obtam maximum 
levelness ^dcolor value the dye bath is set according to the ratio of the 
uquor, ^d^e following quantities of sulfuric add ( 66 ® Be) wiU be ' 


63 'eing, the goods must be thor- 


nf uic use 01 inis group ot dyes, because 

sulfuric add necessary for^Jer color develop- 

the necessarv and K j market w:hich enable tlie dyer to reduce 

=altMD.P,Utf„e JtotoMon?rd1Sa®'Stf“*' 


Slntiw profhif*'^ h;. 1 Jw Jifthtfn'*<J :nt<l cauriXr^ h/ a/Ul- 

Ghi5l>tr*< J( nnv }*" t.crc'^Mrv run !h'» (Im* hith h'^lf tlown, 

- « • •* *_ ^ » tl__.l t^. ^ 



Rood practice to correct tlic ’infir h\ tKHli«(*«I\crl and niulvcfl nnicrial'i 
tj^cthcr m a frc'Ji Inth to tshtch !< added 10 to 20 jKjr cent of calcined 
Glauber’s •lalt Some of the color v. jfl Iwil off the djctl fjoods and t:o on 
the nndjed The cqmhnng action of the dye*; will he «ipec<lcd up if acid 
*'> added to the die hath, as this uiU hicrc.ise the affinity of the undyed 
f<h' color and improve the lev chiefs of shade 
When these procedures fail to correct the condiilon.J to 2 per cent 
• tnmoiua forJOp gallon s is s ometinKs added to^pcnlrallyc ific-aguijn. 
~^^j^2L^ntliX Ulie]Hy ^atli| wnoicTiy muTiifdhc dyc^is sfnppcil from 
vSSp-fihcrs^Jjit lot IS then red y ed to shad^"uuiriiT*dv'hath'''~ 
anfi pr^iced with imllmg antTSIiTuIaf* colors m tlvcTTonlovcImf; 
unf classes arc much more difficuU to correct if they arc 

Glauf” 1 *^ shade is loo heavy. Boding in a fresh hath containing 
dwrntvT ammonia will sometimes correct unevenness and rc- 

shade, so that correcting dyes may he added 
redvpit ” ^oderatc methods fad to correct the shade, the lot should be 
sulfcxjihtes'^ ’5^’‘'^<leSLSlTippc{bviai.Mr^StiliU^^ 


lE^yeing with Mordant or Chrome Colors 

ei I 

’C principle underlying the dyeing of mordant colors is that, in ad- 
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dition to acid and Glauber’s salt, a metal compound is acquired to com- 
bine with or fix the dye on the wool and to develop the shade and fasi. 
ness properties The action is briefly this The acid combines first \\ ith 
the fiber, the acid wool is then able to take up and unite with the dye 
By adding the metallic mordant this acid-wool-color compound is con- 
verted into an insoluble metal complex of the dye which is chemically 
united with the protein fiber Since chrome salts are the major com- 
pounds used for this purpose, these dyes are often leferred to as 
chrome” colors The moidant or chrome colors may be applied by 
four different methods commonly known as top-chrome, metachrome, 
Calcomet, and bottom-chrome methods 
The chrome colors are used extensively for producing patticularly 
fast shades on loose wool, top, yarn, and piece goods, wherever max- 
imum fastness to the various manufactui mg processes and wear is essen- 
tial Generally speaking, most of the men’s wear goods are dyed with 
these colors Compared with acid colors, the clirome shades as a whole 
are not as brilliant 


1 T^p-chrovie or after-chi owe method This process is based on 
L absorb certain dyes such as acid colors from an 

acid dye bath and their subsequent conversion to fast dyes by a treat- 
ment with potassium or sodium bichromate Chrome alum or chromic 
fluoride and sulfate of copper are sometimes used for special effects 
bodium or potassium bichromate is generally used because it is suitable 
or the largest number of chrome dyes, and at the same time produces 
the fastest shades 


When using bichromat^ tlie dye bath is set at 100 degrees F with 

Glauber’s salt and 2 to 4 per cent acetic acid 
^ well-dissolved dye The temperature is then 

^ boiled for one-half to one hour 

3 hJi " necessary another 2 to 4 per cent of acetic acid is added 
and boiling IS continued for another one-half to three-quarters of an 
^ IS exhausted The liquor is now cooled to about ISO 
degrees F and the dissolved bichromate is added slowly Again the 

toSe^hour^JfrW^?*^ boiling is continued fo/ another half 

for the devp1nnin<T^ Op the shade The quantity of bichromate necessary 
the ouS S amounts to less than one-haU 

sWd^y^Jfhe bichromate used 

weiSu S tT 3 per cent of the dry 

on die inture^nf tlio i ^ ^ i ^ ^ ^nantity of bichromate used depends 
^artlSlare Ltnir ^ of the dye used 

loose wool, GlaSber's f”'"* 
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Some chrome colois «iie improved by the addition of formic or even 
buUuiic acid, and when applying these colors 1 to 3 per cent of formic 
acid (909'o) or 1 to 2 per cent sulfuric acid is diluted and added slowly 
to the dye bath after which boiling is continued for thirty minutes 
Recent studies have shown that most dyers use too much bichromate 
in after-chrome dyeings Some colors can be after-chromed with one- 
half to three-quarters per cent bichromate in medium shades The pH of 
the chroming bath plays an important part in the efficient use of the bi- 
chromate A pH of 5 or slightly lower gives excellent results Use of 
minimum quantities of chrome has produced dyeings with greater 
brightness, improved fastness to light, softer wool, and less loss of 
tensile strength 

Chromium fluoride is used chiefly in piece dyeing to develop certain 
fast navy blue shades Alum developeis are used m the production of 
fast-to-hght-and-milling madder shades with alizarin reds Copper sul- 
fate IS used in piece dyeing for certain blue shades 
For so-called “combination blacks” deve oping is accomplished with 
ferro and copper sulfate This process is especially used for suitings and 
combines the advantage of goods dyed with ordinary acid blacks and 
fliose dyed with logwood Both are applied in one and the same bath 
The dye bath is set, according to the hardness of the water, with % per 
cent oxalic acid, to 5 per cent of an acid black, 20 to 35 per cent of 
logwood chips or 3 to 7 per cent of logwood extract (liquid) or a cor- 
reponding small quantity of logwood extract (solid) The whole bath 
fi ^ entered, boiled for one hour, and 

o to 8 per cent ferrous sulfate and 3 to 4 per cent copper sulfate added 
Y^^foped by boiling for three-quarters to one hour For goods that 
are difficult to penetrate, the initial temperature should not exceed 120 
egrees F Cheap navy blues may also be produced by the same process, 
^ combination of logwood and acid violet The disadvantage of 
dvp method” for the beginner is that normally the chrome 

and ^ ^ distinct color change when treated with the mordant 

to rpnrt” u c obtained until the mordant has been permitted 

ducpc 1 "^1 However, this is an economical method and pro- 

s siiades with excellent fastness on a wide variety of goods 

phfied c/irojHotc method In this process the dyeing is sim- 

at thp « the color and the metachrome mordant to the dye bath 

ally a mpMi time the dyeing is started The metachrome mordant is usu- 
and mixture composed of sodium or potassium bichromate 

bought aSiT prepared in the dye house or may be 

eady prepared from the manufacturers This mordant pos- 
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sesses the property of liberating aad by slow and uniform decompost- 
Ijon, thus effecting a very gradual absorption of the dye by the wool. 
The chromic acid that is liberated at the same time combines with the 
d} e on the fiber in such a way as to prevent the premature chroming of 
the color still remaining in the dye bath, and thus precipitation of the 
d> e is prevented 

As a rule, metachrome moidant is used in tlie same amount as the 
dye but rarely less than 2 or more than 8 per cent The temperature of 
the d} e bath is brought to 100 degrees F after the material is wet out 
and ready for dyeing The mordant is added first, followed by the dye, 
and the lot is run without steam for ten minutes The bath is raised 
slowly to the boil m one hour or longer and boiled for one to one and 
one-half hours If the bath is not sufficiently exhausted, small additions 
of ammonium acetate, ammonium sulfate, or acetic acid are made and 
the boiling continued for another half hour or until the desired shade 
IS obtained 


3 The Cakouiet method A new and improved metachrome method 
giving excellent results has been developed recently A number of im- 
portant chrome dyes cannot be applied by the ordinary metachrome pro- 
cedure and therefore they must be dyed by the top- or bottom-chrome 
imthods W im the advent of tlie Calcomet method, the range of meta- 
chrome d5'cs has been enlarged by making it possible to dye these colors 
by a modified metachroine procedure 
One of the important facts established during the development of the 
Calcomet method was that the starting pH is of paramount importance 
in all mctachronie processes For best results, the bath must be on the 
a aline side at the start of the djeing operation, preferably about pH 


The dye bath is set at 110 degrees F and is charged with sufficient 
^imoma (usually 1 to 2% of 26“) to bring the starting pH to 8 The 
Calcochrome djes are added to the bath follow ed by 3 to 4 per cent of 
and 0 7 to 1 5 per cent of sodium or potassium bi- 
tcn nimutcs ^ Ca'comet salt L is added, and the lot run for 


bnJif the boil in one to one and a half hours and 

the fnllrtviit a further exhaustion is necessary any of 

n abided slowly hni- 

tities nf ^ magnesium sulfate, or small quan- 

The boiling is continued for thirty minutes 

solid shades Skitteri- 
cr selcctnitj arc considerably reduced or c.iminated by this 
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method and the fastness properties are equal oi better than those ob- 
tained by any other metachrome procedure 


4 Bottom-chrome or chrome mordant method This method is used 
on fine woolens and worsteds when a maximum levelness of shade is of 
paramount importance The bottom-chroming operation tends to equal- 
17C the affinity of the wool fibers for dye and decreases or eliminates the 
fiber selectivity which causes heathery or skittery effcts 
This method is used especially for certain types of alizarin colois, 
ivhich can be combined only with already mordanted wool fibers Tins 
means that the wool is first mordanted by precipitating a metallic salt 
on the fibers, which forms an inso’uble lake with the dye m the subse- 
quent dyeing procedure With very few exceptions, the bottom-chronic 
method gives the poorest fastness to fulling 
However, experiments have shown that the dye that bleeds dui ing 
me fulling operation is generally unchromed color which was absorbed 
by the fiber dui ing the dyeing operation but which did not combine with 
the chromium on the wool ImpEove^^stness-toiulling-will'bc obtained 
iLan^ddition ol^ to_l per cent of.bidiromatejs added-to the exhausted 
"^he dye bath should show a pH of 5 5 or lower when the 
bichromate is added 

Mordanting is carried out chiefly with sodium bichromate and tai tai 
or ciiromate of soda and tartar Alumina salts are used for the produc- 
stTfollo reds The most w idely used chrome-mordanting process is 

^ Tile bath IS set with 3 per cent bichromate and 214 per cent tartai . or 
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of these mordant colorsTtis extremely difficult to correct shades that are 
too dark or streaky For this reason it is important to start the dyeing 
operation at the proper pH so that the dye will exhaust slowly and be 
absorbed uniformly Microscopical studies have shown that the dye is 
absorbed first as the acid or unchromed foi m in metachrome, Calcomet, 
and bottom-chrome dyeings This allows the dye to redistribute itself 
and level as an acid color during the time the temperature is being raised 
to the boil When the boU is reached, chromation of the dye takes place 
more rapidly and there is less chance of leveling thereafter Once the 
insoluble chromium complex of the dye is formed, little if any leveling 
can take place 

Uneven goods may be stripped in a hot soda bath, and treated with 
hydrosulfites -or sulfoxylates As a rule, it is considered better practice 
to redye to a darker shade because the color may strip down unevenly 
and be difficult to cover up when redyed 

As a general precaution it is wise to keep the shades on the light side 
and to use small amounts of level dyeing acid colors for matching When 
the shade is too light, the dyeing procedure has to be started over again 
with chrome colors as with undyed goods 


Stripping of Acid and Chrome Colors 

Stripping consists of the removal of colors from yarn or fabric by de- 
colorizing the dye There are various stripping compounds on the mar- 
ket, which either through oxidizing or reducing action ai e able to de- 
stroy dyes The oxidizing agents have the disadvantage that they not 
only destroy the dye but actually reduce the tensile strength of the fabric 
by weakening the wool fiber The hydrosulfites, which are powerful re- 
ducing agents, have less tendering or weakening action and are gener- 
ally adopted for stripping textile materials They can be used in 
an acid, neutral, or alkaline solution, making them suitable for all textile 
fibers For stripping wool, the hydrosulfites are chosen for working in an 
acid bath The general method used in stripping wool with hydrosul- 
fites is as follows 2 to 5 per cent of formic acid iS added to the freshly 
prepared bath, the goods are entered, and the temperature raised to 
approximately 120 degrees F Then 2 to 5 per cent hydrosulfite is dis- 
solved and added immediately to the bath, and the temperature is ra'J)- 
idly raised to the boil and boiled for one-half houi The bath is dropped 
and the goods are thoroughly nnsed before redyeing Depending on the 
type of hydrosulfite used, the best stripping action is generally attained 
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below the boiling point Hydrosulfites are marketed by various firms 
under special trade names 

formaldehyde sulfoxylate is also used because 
SvTf The bath is set with 3 to 5 per cent of 

Stoikd The lot IS rafsed to the 

nn ed When stripped, the wool is 

rinsed thoroughly m warm water, and then treated in a fresh bath with 

possible to redv?tS?ff?^ ^^ woof for dye and makes it 

tion ^ ^ ^ woven fabrics and obtain satisfactory penetra- 


Speck Dyeing 


types of^ fibers^whirlf rp shives, cellulose and othei 

pieces are dyedTn S? acid colored when wool 

^ and shrald be fvmdlr dyeing is a makeshift process at 

^ dyes are applied cold ot S f m m fm d* "'“I 

S==;^'«SS5^»"~5 


'-•aag uci-a.use cne wool would abc!ni4, es 1 

E'S?SisS»fiHS?s 

9mrk«Y*^4. r^* water, and wash- 


‘"g «s reS ,r *he fastness to crocLn^ ^ 
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lormed b}' spontaneous oxidation in the open air into insoluble color pig- 
’ icnis and thus produce the color on the fiber 
Cheimstry of vat dyes Chemically, the vat dyes may be divided into 
tw o groups the anthraqumone vat dyes and the indigoid vat dyes The 
anzhraquinone ^at dyes, owing to the strong alkaline nature of tlie d>e 
bath, are generally not suitable for wool, although it is possible through 
iho iise of protective colloids to minimize damage to the wool fibers 
')>eings produced with vat djes possess the best all around fastness 
and are recommended whenever maximum le^istance to the various 
manufacturing processes and wearing is required as in Anny or Navy 
uniforms In wool dyeing, two types of vats are employed (1) the 
hydrosulfite vat, (2) the warm fermentation vat 

1 The hydrosulfite vat The hjdrosulfite vat is the most popular 
because it is easily prepared and operated, preserves the quality of the 
w'ool, requires little room and steam, and gives a large production The 
oldest representative of this type of dyestuff is mdigo, the blue color 
w Inch sets tlie standard m light fastness 

Since the \at dyes are insoluble in water, it becomes necessaty to 
transform them with the help of caustic soda and hydrosulfite into a 
1 educed leuco compound Up to 1920 this process had to be done by tlie 
dj er himself, but since then dye concerns have introduced vat colors in 
pow'der fonii, which are so’uble m hot water In addition, there are 
various auxiliaries required for proper operation of tlie hydrosulfite 
vat, as follows • 

Glue, which serves as a protective colloid to keep the dye in solution 
m the vat Allgd naphthalene sodium sulfonates may be used in place 
of glue 

Ammoma (25%) is used to keep the vat on the alkaline side 

Hydrosulfite cone, (powder) is a powerful reduemg ^ent wrhich 
regulates the condition of the vat and prevents its oxidation 

Suljonated oil soaps or similar products serve in the dissolving of the 
vat dyes, when preparing stock vats The proper alkalinity of the bath 
IS checked with phenolphthalein solution (5.1000). 

The stock vat is first prepared by dissolving the necessary dye in w'ater 
at a suitable temperature, which may vary from 130 to 170 degrees 
(1 30), with the necessary amount of caustic soda and hydrosulfite. 
The process requires at least fifteen minutes at that temperature The 
vat dyes in soluble form are dissolved with boiling water to which 5 per 
cent glue and 5 per cent hydrosulfite cone (x>owder) on the weight 
ot the dye have been added The solution obtained is allowed to stand 
tor a short time before it is added to the dye bath The dye bath proper 
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js brou^u to a temperature of 120 to 170 clegiees F. Foi 65 pounds of 
Moi 550 to 660 gallons of vat liquor is needed To this liquor are added, 
m tile order given 

3% freshly dissolved glue 
3% ammonia (25%) 

2% hydrosulfite cone (powder) 

are based on the weiglitof the goods At this i)oint 
s irrPf nf, to receive the stock vat solution The hqiioi is then well 
traii«iiy»rtn? ® ^ following characteristics (1) a clear 

Se of oxidired dye on the 

lein Intn th! 1 ® reddish reaction when tested with phenolphtha- 

or prrfS^v *“>' ‘0 “‘ored dry 

tothirt?m,m,f« hydro-extracted, and worked for twenty 

squeez /rollers anrf liquor, it is passed between 

ten to fifteen ® to stand for 

Tlie fastness SubtlSn^ 'T'"^ ' squeezing is essential after each dip 
running water aftS improved by dropping the wool into cold 

more slowly squeeze , if this is done the oxidation proceeds 

averagmg abouTtef/dm/n?^^? continuously, 

about a week when fo> 

leaking an additional dm scoured wool or goods are used Before 
by adding the Lc/ssarv*^^ f^ack into condition 

"lake the hquor once a/, ammonia and hydrosulfite to 

"olphthalein Addition, nf d ""d slightly alkaline to phe- 

Additions of alue are made only after the vat is corrected 

ThevatliSLr is ^ standing 

fy^ required to^bnn? not exhausted, and, therefore, the quantity of 
following proportions^ ^ ^ normal strength may be reduced m the 

_ S^ond Third Fourth 

e f| r ?ot 

remains praiSfahystatm^ dye quantity for replenishing 

^ fo a simple matter Th*. ♦ shading of the color in vat dyeing is 
J* b vat hquor for additions is diluted 

5"or while working n diluted solution is then added to the vat 

«°°* After fifteen to twenty ^nnS Z 
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To increase production vat colors can be dyed also in circulating ma- 
chines in which the stock is stationary and the vat liquor is forced 
through the wool by means of a pump or propeller. In such machines 
about four times the quantity of wool may be dyed in the same volume 
of liquor as can be dyed in the open vat The general makeup of the bath 
IS 1 pei cent glue, 0 5 to 1 ^ per cent ammonia {25%), and 1 5 per cent 
hydrosulfite cone, (powder) Otherwise, the working procedure is 
the same as in the open vat Special precaution has to be taken against 
entry of air into the circulating liquor, which causes oxidation and un- 
even dyeing The vat liquor is renewed moie often because of the 
greater amount of material treated 
For blacks and navys the best procedure, when using circulating 
machines) is to leplace the ammonia right from the start with 1 to 4 
per cent of ammonium sulfate Two dips of half an hour each are 
noimally required to get the depth of the shade and good exhaustion of 
the liquoi Cheap blacks may be obtained by using natural brown wool 
as a raw material and dyeing it with indigo 


The wat in fermentation vat Since the introduction of the hydrosulfite 
vat, shortly after the turn of the century, the fermentation method has 
been superseded almost entirely by the hydrosulfite procedure, because 
the latter is much easier to set and work besides yielding a much larger 
production The piinciple of the fermentation vat makes use of fer- 
menting agents such as woad, madder, and wheat bran and syrup. In 
the presence of alkali such as soda and chalk these agents start the 
ferment due to the existence of fungi that liberate hydrogen. Thus a 
reduction of indigo is effected One to two days are required to bring 
the vat to proper condition so that actual dyeing can be started 
Several dye concerns have developed a limited number of vat coloi s 
covering all the shades from yellow to blacks The best known are the 
Hehndon dyes from the General Dyestuff Corporation Helindon dyes 
are separated into two groups the HN group and the HW group 
The difference lies in the fact that the dyes of the HN group are 
dyed at a temperature from 120 to 130 degrees F whereas the dyes in 
the HW group are dyed at 140 to 150 degrees F 
Of special interest is the water in vat dyeing Contrary to all other 
dye groups, the HN group dyes are taken up much more readily from 
hard water than from soft water The best hardness is 20 to 30 grams 
per gallon When only soft water is available 2 to 4 per cent sulfate uf 
ammonia may be added at the start For the HW group of dyes soft 
hardened with 5 per cent calcium chloride (cal- 
o f .. 1. oxidation the dyes of the HW group are scoured m 

a tresli bath with 3 to 5 per cent acetic acid (28%) for complete de- 
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velopment The treatment is done by entering the goods m a bath at 
100 degrees F , brought to the boil and boiled for five to ten minutes 
Correction of vat dyeing In view of the eNrcellent fastnws properties, 
vat dyeings which are not lc\ el or are too dark arc very dimcult to rec- 
tify A partial stripping may be obtained in an alkali batli set w ith hydro- 
sulfite Wool with tips strongly damaged by sunlight dyw unevenly with 
indigo because the staple ends remain nearly white To correct such 
wool the batch may be cross-djed with 01 to 0 25 per cent of sulionc 
cyanine blue in an acetic acid bath 


Continuous Indigo Dyeing 

1 Stock dyeing A high production can be obtained in the continuous 
wool-stock dyeing machine (described previously in this cliaptcr) The 
success of this or any other continuous dyeing is entirely dependent on 
the synchronized flow of both the material to be dyed and the dye liquor 
through the machine Any fluctuation in the flow of one or the other 
components is a direct cause for the failure of the bath. 

The dye-liquor circulating system as seen in the flow diagram (Fig 
i9) includes provisions for circulation and replenishment of the liquors 
in the two dye bowls as well as the necessary tanks for the preparation 
and storage of the stock solution and the feed vat In the system referred 
to, in order to take care of a capacity of 550 pounds of dyed wool per 
hour, four tanks are utilized, one of which has a 400-gallon capacity and 
three others a 1000-gallon capacity The tanks are all interconnected 
nnd provided with pumping facilities so that the solutions may be 



Fig.. 19 Indigo <liquor ..flow. 
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passed from any one tank into another. Each tank is equipped with hot 
and cold water inlets as well as with an internal steam-coil system^ 
thermostatically controlled in order to maintain the correct vat-hquoi 
temperatures The slurry tank is equipped with a large stirrei , required 
for slui rying the indigo paste into the mixing of the stock and feed baths 
Each of the circulation tanks is provided with an agitator^ to avoid sedi- 
mentation of the indigo. - . 

For continuous stock dyeing with indigo, the soda and hydrosulfite 
vat as worked out by William Wentz of the du Pont Company wa^ 
found to be very satisfactory Tlie depth of the shade as specified by the 
U S Navy Department for its 30-ounce kersey could be acquired by 
two dips of SIX minutes duration each 

In the dye liquor the most favorable indigo concentration is 3 grams 
per liter dry basis or 15 grams of mdigo (20%) paste The completely 
dyed fiber maintains an indigo content of 7 per cent of which 60 per cent 
IS attained in the first dip and the remaining 40 per cent in the second 
dip 

The efficiency of the bath and the duration of its effectiveness is en- 
tirely dependent on the control of the accumulation of the various chem- 
icals which in turn are necessaiy for indigo dyeing The oxidation prod- 
ucts of sodium hydrosulfite accumulate and build up continuously and 
upon leaching an equivalent of approximately 8 grams of oxygen per 
liter the effectiveness of the dye bath is terminated 

The caustic soda and the sodium carbonate in reacting with the oxida- 
tion products of the hydrosulfite lead to the formation of sodium bicar- 
bonate The entire reaction is a continuous cycle The total alkali builds 
up to approximately 20 grains per liter during a ninety-hour run with 
the coincident increase in the bicarbonate concentration Maintenance 
of a certain carbonate concentration is mandatory to effective opeiat on 

The preparatory procedures are as follows * 

A Spring bath Fifteen hundred gallons of water are added to both 
dye bowls along with 600 gallons to the feed tank This is heated to 130 
degrees F While the feed tank is coming to temperature the glue is 
slowly added The additions of soda ash, Alkanol B (a dispersing agent, 
sodium allcyl naphthalene sulfonate), and ammonia follow in this older 
When all tempeiatures are constant the hydrosulfite is added This pi e- 
pared bath is now thoroughly cii ciliated through the dyeing sjstem 

Glue 65 lb 

Alkanol 601b 

Soda ash 33 lb 

Ammonia 220 lb 
Hydrosulfite 22 lb 
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Stock vat To the 400-gallon slurry tank ^\ hicli has sufficient u atci 
at 140 degrees F to permit the use of the agitator, the indigo (20% ) 
paste IS added, followed by the caustic soda This slurry is now bi ought 
400 gallons and 130 degrees F , and then the hydrosulfite is added 
l^iiniping this stock vat to the feed tank and thereby ciuu’atiiig it 
'roughout the iiiathiiic in the spring bath prepares the inaLliiiie foi d) c- 
Jag After proper circulation, all pumps arc stopped for fifteen to twenty 
Hiinutes to ensure proper reduction 


Indigo (20%) paste 1255 Ib 
Capstic soda 112 lb 

Hydrosulfitc 163 lb 

^ mix In the two remaining 1000-galloii tanks, replenisli- 

tTc ® are prepared The glue, Alkanol B, and soda asli are added 
« sutticient water at 130 degrees F to permit the use of the agitator 
the mdigo (20%) paste has been added to the slurry tank 
half degrees F and is agitated with approximately one- 

and m caustic soda This slurry is pumped to the master-mix tank 
der «P to 1000 gallons at 130 degrees F , after which the remain- 
five trail soda and the required hydrosulfite are added Twenty- 

miniS* master mix are added to the feed tank every fifteen 

reqiiir a ascertained that 5 pounds of additional hydrosulfite was 
4^ bad fifteen minutes to compensate for mdigo oxidized in th" 
tationnf^ totroducing this into the master mix brought about piecipi- 
snnnl-ioj*'°*®°'"^fi'to Therefore, the additional hydrosulfite was slowly 
into the feed tank after every feed 

221b Indigo (20%) paste 25501b 

45 Ib ' Caustic soda 225 lb 

_ - 661b Hydrosulfite 325 lb 

42 represent an average dyeing recipe for approximately 

^ "‘'ent depth of shade on wool 

2 p 

finiioiis^nf with tndtgo The basic formula which covers the con- 
The ini^»?' u process is as follows 
^51ons K ^fi^rge of the machine which, as stated before, holds 3000 
®Pnng ’an j *, ® '^P of three items the necessary volume of water, the 

The stock vat 

gallon) ^ 's *"ade up as follows at 140 degrees F (m ounces pei 


Glue 
Alkanol B 
Soda ash 


oil ^“"‘nol B 
079 

^nimonia (28%) 


0 13 Soda ash 
0 19 Hjdrosulfite of soda 
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The stock vat is prepared in one of the 500-gallon tanks on the fol- 
lowing basis at 140 degrees F (in ounces per gallon) 

27^ Indigo (20%) paste 
2 4 Caustic soda fi^es 
3^ Hydrosulfite of soda 

It is best to permit the stock vat to stand undisturbed for at least two 
hours or preferably overnight before using 
After the spring is allowed to run into the indigo tank and is arcu- 
lated, the stock vat is run in and circulated for at least one hour before 
the starting of the machine 

The feed liquor is made up in the other 500-gallon tank as follows 
(m ounces per gallon) 

13 74 Indigo (20%) paste 
3 042 Caustic soda flakes 
0 48 Soda ash 
4 16 Hydrosulflte of soda 

This 500 gallons will normally take care of about forty pieces of 
flannel, or about 3000 yards, and it is fed in continuously to keep the 
liquor constantly at a predetermined level in the tank 

It has been the experience that once the proper equilibrium between 
tlie original bath and the feed has been reached to meet the required 
shade, little or no change has to be made during the run. 


TABLE 3 DIFFERENCES IN BREAKING STRENGTH OF YARNS 
AND PIECES FOR 30-OUNCE KERSEY USING DIFFERENT 
BLENDS AND DYED BY DIFFERENT METHODS 


25% Australian 

25% Cape 

Wool Blend' 64’5 50% 12 Mo Texas 

1 

100% Cape 

100% 12-mo Texas 

50% 
Algosol 
100% 50% 

Dye Process Natural Chrome Chrome 

100% 

Chrome 

100% 

Indigo 

100% 

Indigo 


Yarn 2 5 run 

Breaking strength 185 

147 

134 

161 

186 

173 


Per cent 100 

795 

725 

87 

1005 

93 5 


Elongation . 29 7 208 

192! 

198 

271 

322 


Per cent „ 100 

70 

645 

665 

91 

1085 

Navy 

Specifi- 

cations 

90 

Breaking Strength 
in Piece 

Warp „ 112 

81 

102 

98 

121 

113 

Per cent 100 

72 

91 

87 

108 

101 


Filling .. 98 

73 

89 

98 

113 

98 

80 

Per cent „ « 100 

74 

91 

100 

115 

100 
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The interest m the United Stales in wool vat dyes has for years been 
mainly limited to indigo, the oldest of all \at dye colors The only mil- 
itary specifications calling for the use of indigo vat dyes are the ones 
^ ^ Navy Department for the manufacture of the navy 
blue flannel, melton and kersey In Europe the military authorities of 
®^'^®™J^O'^ntries, including Germany, for years have specified the use 
til production of military cloth as a result of tests for 

tneir fastness properties, their influence on the quality of the wool, and 
the weanng properties of vat-dyed woolens 
that indigo dyeing preserves the quality of the wool better than 
rome ^es was proved by the results obtained at the Forstinann 
Woolen Company given in Table 3 


Dyeing with Solubilized Vat Dyes 


^ group of dyes marketed as Indigosol 
Dyestuff Company) and Algosol (General 

plied tn an ^^*^7 are readily soluble in water and are ap- 

wters of Chemically, they are sulfuric 

vat dves ^7es Being derived from indigoid and anthraquinone 

The c’ 1 ^*gh fastness properties 

and under fLA^'^ wool from a weak acid bath 

wool fiber have such a high affinity for the 

then develoned!!' ^7e bath can be completely exhausted The dyes are 
fnne acid sodium nitrate or bichromate and sul- 

‘^s dyes ^ ^ ordinary after-chrome colors For the van- 

/ . two processes are mainly used 

areid^yedVv ^ indigo) and Indigosol OR 

^hen added . poured into the dye bath The following are 

Pf (calcined) 1 per cent Rongalite C. 3 to 8 

^ 6 per cpnf ^ (28% ) for pale shades, i e , up to 5 per cent dve 

r 'Thegood^^nS^^i'^^'d (90%) for heavier shaL. ^ 

half an hour^hl hoiled 

h»tic acid 96% fSo exhausted by adding 2 per cent sul- 

^°°hngtoabout7SilA^r three-quarters of an hour, and 

y hath IS set with 7 ^7 ^esh water The develop. 

P^rts hq^Qj. p P^rts sulfuric acid 06% (168“ Twaddle) per 1000 

to Ui,rg 2 to 4 I„T 
per 1000 parts liquor m the case of full shades are added 
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and run cold for ten minutes Then in the form of a dilute solution, the 
lollowing are added 


mDIGOSOL OR- 
0 Z% sodium nitnte 
07% sodium nitnte 
1 4% sodium nitnte • 
2 4% sodium nitnte 


^OR INDIGOSOL 0 
1% dye or less 04% 

4% dye or less 0 8% 

10% dye or less 1 6% 

20% dye or less 27% 2 4% sodium nitrite 

ild 'r^V^^^^gosol O for one hour at 75 degrees F 

havir^,SHT ? forty-five minutes at 120 degrees F after 

Smr^^ temperature gradually to these points Then follows a 

two oart«! <!nfia ^ neutralization treatment with 

tuo parts soda ash per 1000, and a final rinse 

IS added^tn thp dtAS dissolved by pouring hot water over it, it 

The coods arp pti^pr 1 ^ sulfate of ammonia 

hour Tlie dve bath 105 degrees F and raised to a boil in one-half 
acetic acid 'x hn ^ exhausted by tlie addition of 1 to 10 per cent 

to one hour and rinsmg The 
0 7 to 3 5 oer cent hirh'^^^^ ^ ^ sulfocyamde of ammonia and 

Then 5 oa?S S at 85 ° F 

of liquor and allowed added per 1000 parts 

fina?ooeratmnVar Ji* at 185 to 195° F The 

corned Sato developed, .t .e advisable with 

‘s Srh“ “ 

in piece dyeing^ Tfwle^unce^h ^PPj^^^tion for solubilized vat dyes is 
Navy forTevLs IS nroSvAh”®^? kersey, used by the U S 

where vat colors are used on a i outside of the indigo blues 

quirements The shade can he to "leet the high fastness re- 

Scarlet GG parte fSo^indP^^ 25 per ?ent Helmdon 

double paste^(color index 12121 T? ^®”t Ciba Red 3B 

these shades, the rtoS aficr ™f' to get the full bnlhancy of 

wiUi 2 per cent acetic acid at 175 deuces F^tor'"’' 

7ct'LT^»„ption IS 

meet the normal fastoess reqiiiraiSu“Ke^ *1“'“ <i 7 “, whiili 
d\eingand at the same time are much Ph? ^ vanous brandies of wool 

mg and «==cl.‘iirS' 
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Washable woolens an met eased demand for the use of these vat colois 
can be expected 


SOME SOURCES OF FAULTY DYEING 

^ Each different operation to which wool is subjected during its long 
from fleece to finished fabiic is a potential source of trouble 
When materials from the dye house are unsatisfactory it is the dyer’s 
responsibility not only to correct the faulty lots but also to take steps to 
prevent a recurrence The following sections have been prepared to 
assist a dyer to tiace the causes of trouble 
1 ippy dyeing An ideal dyeing is one in which all dyes are distiibuted 
qually and uniformly among all of the fibers present However, this 
s rarely ever attained m practice and, instead, distinct differences in 
\a^ ^®Pth of color are obtained on the same fiber or fleece These 
^ riations m affinity for dye are inheient in each fiber and are caused 
exposuie to sunlight, weather, and other agencies while the 
in « V ® on the sheep Such differences in affinity foi dyes result 

what IS called “tippy dyeing 
tippy dyeing occurs in sev- 
forms, the first and most 
dyeings in 
1 , ^^10 fibers are 

7 while the body 
undyed or are 
A ? *‘Shtly dyed (Fig 20) 
variation is obtained 

iiiprni^"° contrast- 

a produce 

noS. ", ’■‘=5ults in pro- 

and 'letwecn the tips 

rndl« . P'Ji’hori A third 

'iiMrrii’riiT'!?; 



r,g 20 Tips dark, djed with 
chrome brown SWN 


* P * ^ 

w ^ ® • “11*^ Vjckcritaff, T "Unlcvcl D>ang 

' ^ ^ ■S’or Di<rrs at d Colonsts.Sf, {f lU- 
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these extreme contrasts are reduced when the stock is carded and 
combed; but such operations cannot entirely eliminate these defects 
and therefore skittery, frosty, or heathery effects are obtained which 
result in weaker shades Tippy dyeing has long been recognized as a 
major problem and many attempts have been made to overcome this 
defect 



Fig 21 Tips light, dyed with indigo 


In an extensive study of 
this problem made m 1946 by 
the New York Section of tlie 
American Association of Tex- 
tile Chemists and Colorists it 
was found that tippiness can 
be minimized and even elimi- 
nated by the careful selection 
of the dyes and by the use of 
certain leveling agents * 

S cow Mi.q> ._Scouring p lav_s a 
ve^,JXDPott ant pa rt-itf-the 
pr^mctiPD^of , sa-tisfaotory 
'^ 2 i 5 ^,v^Qaps generally cause 
more trouble than the sul- 
fated alcohols Calcium and 
magnesium salts react with 
ordinary soaps, forming in- 
soluble calcium and magne- 


1 . 1 - , , , . . soaps Thesfijnetal-soaps 

attach4lienisclv65-tO'^ho^wool-aYKi-ar6-difficult-tOLxemQve, "When pieces 
containing these insoluble materials are dyed they may cause the fin- 
ished piece to appear cloudy and uneven 'Hremdchtion -of sodium tetrar - 
phQs^3feJo4 he scou; uaii4 the ri nseJiaths-will-helpJ:o p revent troub le 

Heavily dyed blotches and spots may be 
caused by splashing undyed skeins or fabrics with hot soap or alkali 
solutions 


Yarns and pieces that have been scoured and diied 
should be wrt out in a bath containmg a wetting agent such as Deceresol 
or sulionated castor oil at 160 degrees F for twenty to thirty minutes 
prior to dyeing This bath may be used for dyeing so that further wetting 
out can take place as the temperature is raised to the boil Incomplete 
we m g can cause light areas in dyed pieces or skeins Microscopical 

54* pp%i^S06°Nov®1947^°®^ r>ycstuff Reporter, 
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studies Iia\c shown that the d)C is deposited first on the outer parts of 
the fibers and then penetrates the fiber when the critical absorption tcni- 
perature is reached, P.aris of the wool not wet out will resist the dcjx)si- 
tion of color during the carl> stages of dyeing and may remain wcalccr 
in shade throughout the d)clng oiKration. This is especially true of 
colors that level poorly or not at all 


Stripping, Stripped w'OoLgcnerally has incrcascd-affinity'-foc-dj cs of 
aUJmvdsjmdJlicrcipre^should be dyed with smaller quantities of ex- 
hausting agents When dj cing with nonlcvchng colors, special precau- 
tions should be taken because stripped wool absorbs dyes rapidly and 
fixation lakes place at lower temperatures than it docs w'ith untreated 
wool , therefore, the color must be removed from the bath more slowly 
at a uniform rate Tightly w o\ cn fabrics arc especially difficult to pene- 
trate after stripping and therefore additional precautions must be taken 
when dyeing sucli materials 


Machine oil and spinning oil. Grcascs^and,oils arcja const ant sou rce 
to thc.dy errand must Jjc remove d bcfo r.a.dyeing. These jmatc- 
P^JiH^bLcausc h gluly ^^ d or fesistcdjircasJn.dycs ,piec^ . 'TKcT'dye 
wii ^nnot come in contact wlth'tTie wool when it is covered with oil 


ana therefore the fibers often remain undyed Dry cleaning the pi 
gr^se greatly reduced the imperfections caused by oils 


pieces 
and 


oiler compounds Most mills use boiler compounds to prevent the 
of scale Little trouble is experienced unless these materials 
som ” caustic soda or soda ash , caustic soda is especially trouble- 
batlf liable to be entrained in the steam and earned into the dye 
time occurs, the amount of alkali m the bath increases with 

gradually neutralizes the acids used for dyeing and retards 
of the color from the bath When dye baths become diffi- 
be te 1 standard procedures, the steam condensate should 

shouW w w ^f found to be strongly alkaline the boiler 

^ a be blown down and a caustic-free compound adopted 

can wools Pulled wools are often loaded with lime and 

cause trouble for the dyer Heavily limed wools remain uii- 
outer parts of the fibers are coated with the insoluble 
hvdrnJk?*^ cannot reach the fibers A pretreatment with 

forming often correct this condition by dissolving the lime 

comnnif j calcium chloride Rinsing will remove the calcium 
P nd and make it possible for the wool to absorb the dye. 

MM bleached yarns and jabnes When wool in any form is exposed 
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to light either outdoors or behind window glass, wool is changed chem- 
ically and its affinity for dye is altered, depending upon the dyes used 
(See the previous section on tippy dyeing ) J]3ie suB^hle ached areas 
inay,-sh!:^wj.ip'etther--asja,hght-str3^^^J:iea;^ier^eaJ^beca^^ceitain 
dyes have greater affinit)'’' for the hglit^affecte'd'portions than they do 
the unaffected Com ersely , other dyes have vei*y little affinity for sun- 
bleached wool and consideiab’e affinity for the unbleached portion 

When the ends of undyed pieces are exposed to light and then d 3 'ed 
a streak of lighter shade maj be seen thioughout the length of the dved 
piece This has been traced back to tlie effect of daylight upon the ivool 
fibers Redyeing to a heavier shade is the best way to overcome this 
condition and it is advisable to use dyes that color exposed and unex- 
posed wool about the same 

When scoui ed but und)*ed skeins or pieces are to be stored prior to 
djeing, the}' should be protected from light by co^e^lng with cotton 
sheeting or encasing each roll or bundle in burlap or colored cellophane 

ill \ cd stocks^ When fabrics are made from yams containing differ- 
mt stocks barre effects often show up after the pieces have been dyed 
These ai e entii ely diffei ent in appearance from unevenness caused by 
d} ®mg because the lines occur with regularity and follow the direction 
of the warp or the filling It is practically impossible to select dyes that 
will completely eliminate this fault in dyeing. Stripping with soluble 
sulfoxylate either before or after dyeing will minimize this effect and 
make it possible to produce a more solid shade 


yarns are sometimes steamed to 
set the t\\ ist if the steam is applied unevenly those areas subject to 
excessn e steaming will ha^ e greater affinity for some dyes than will the 
^ steamed areas The steaming operation increases the affinity of 
me fiber tor dye and therefore with colors such as the Sulfone Cyanine 
:^ues, s.eanied vool vill dye light and dark, resulting in a mottled 
e ect ^hen dyed in the }arn or pieces Unfortunately, redyeing to the 
same shade does not o\ercome this difficulty Therefore, when the fault 
can be traced to steaming, the pieces should be redyed black 



neutralizing' faults 
encountered by a 


Cai 
are 

tw ilsmg acid-^nsitue dyes Rec ent exper i ments have siiow m 

Unless the neutralization is umfoim and complefeT 
oitt ^ dyes may come out uiieien This is be- 

neutralizing baths cause the pieces to be completely neutral- 
cl on the outside but incompletely neutralized on the inside of the 
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fabric As the temperature of the dye bath is raised to the boil, the acid 
Within the fabric is released and neutralizes the alkaline parts 
M this occurs, the pieces become acid and the dye exhausts rapidly 
if parts of the pieces Blotches and other unevenness haVe 
0 een traced to careless or improper neutralizing after carbonizing. 

metalized dyes such as Calcofasts, Neolansy'and 
-SajSSd stockr^ results when applied to unneutralized 

of Adding dyes to a dye bath for the purpose 

and carp ^ standard shade requires a high degree of skill 

without arpof ^cid colors may be added to a boiling dye bath 

clianees the because they level well and each feed registers and 

because the excess of one of the dyes, it is not serious 

er’s Sit or W generally be removed by adding Glaub- 

With Lf^*‘''T"S the bath down half way. ^ 

«al problem acid-sensitive dyes, feeding becomes a 

can be added m cmf i shown that these sensitive dyes 

are taken The oH of correct a shade if certain precautions 

importance The hJth^llf the time of feeding is of paramount 

^‘difgood results P°*"^ ®bghtly 

that dyes exhaust ranirl?J^ ^ Microscopical studies have shown 

°n the outer parts of th^ temperatures, and are deposited first 

the dye penet?at2 tL temperature With time, 

takes place Therefore, suffi- 
take place allowed after feeding for penetration and leveling to 

f *• "“essary to 

jaisc slowly to the boil W ® temperature and 

rr“ 

*ange rad,cally m different lights often 
Standard Should £ Z ^ accurate match is required 

t'r ■" 

Sf^a.5!g|^5J*jJ ^fffflation,o£,a.shadc injdttaviolct bght^ften 

f “-aSSifo Eroduee the shade® (SSn 

-^«.-S5?S3j-SSi 
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have been an acid or basic Rliodamine, Acid Eosine, Brilliant Sulfo 
Flavine, Calcomine Fluorescent Violet 2G, or others that do not fluor- 
esce to the same degree Additional information as to the nature of the 
dyes may be obtained by boiling the dyed sample in water containing 
ammonia The solution containing the dyes that are removed from the 
sample should be concentrated by evaporation The end of a strip of 
filter paper is placed in the solution, and the dyes will separate because 
of differences in their water solubility. Examination under ultraviolet 
radiation will show which of the dyes is fluorescent 

A more accurate method is to pass the unknown dye solution through 
a chromatographic column that separates the dyes, forming definite 
rings of different colors Examination of the column in ultraviolet rays 
will make it possible to detect the dye which causes the radical color 
changes in artificial light and daylight 
Excessive crocking Materials that crock excessively do so because 
some of the dye has remained on the outer parts of the material When 
the d>e has been absorbed within the fibers, excessive crocking disap- 
pears Crocking can be reduced by controlling the rate of exliaustion and 
dye penetration Sufficient time at the boil is also essential for best 
results If a fast-to-washmg color crocks excessively a light soap scorn 
will often remove the loose color and improve the fastness 

Incomplete ainng before matching Incomplete airing before match- 
ing to a standard shade may be responsible for poor matches Colors 
applied to wool exhibit definite color changes when the wool is dehy- 
drated or when it contains more than a normal amount of moisture 
For example. Wool Green S is almost a reddish blue when bone dry, 
but IS much greener when the wool contains a normal amount of 
moisture, and if the wool is damp, the shade is considerably more 
yellow 


DYEING WOOL MIXTURES 

Of the various fibers that the dyer is called upon to bring to greater 
perfection, sheep's wool plays by far the largest part A less extensive 
use IS made of the fleeces of other animals, the most important of which 
are (1) mohair, obtained from the Angora goat, (2) cashmere, derived 
from a specms of goat living in central Asia, (3) camel’s hair, (4) 
mpaca, vicuna, and other hairs of the llama family , (4) cow, calf, and 
horse hair, used occasionally for certain goods, and (6) rabbit hair, 
largely employed in the manufacture of hats 
Although the chemical character of the various kinds of wool and 
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hair IS pretty much alike, there are nevertheless slight differences m 
their behavior in dyeing, so that the affinity of the dyes for the various 
fibers differs more or less As a general rule, the finer the fiber, the 
more dye it will absorb in producing a given shade, since under equal 
conditions the finer fiber, in pi esenting a lai ger suijace in fit oportion to 
the bulk, takes up more dye than a coarser fibci . Hence, it follows that 
It IS advisable to use materials of as uniform a fiber as possible, espe- 
cially for goods to be piece-dyed, and also that difficulties will arise in 
employing wools from different kinds of animals simultaneously, unless 
It M intended to produce a contrast between the vaiious fibers 
Generally speaking, the process of dyeing sheep's wool applies to all 
0 ler animal fibers, apart from slight variations which their structure 
ecessitates for obtaining greater or smaller affinity for the dyes There- 
re, it IS not necessary to discuss the mode of dyeing of these special 

treatment can be easily derived from what is stated 
about general dyeing of wool 


Union Dyeing 


tion<! unions IS one of the most difficult of all dyeing opera- 

achipvB ° considerable skill on the part of the colorist is required to 

Union fabrics are prepared by combining 
are textile fibers to produce the desired result Unions 

special reasons, either for economy or for 

'vool Tpnrnr. ^ j ^ "lay Contain several fibers such as virgin 

fate ’nvlnn wool, or reused wool, mixed with cotton, rayon, ace- 
J synthetic rasein fibers The greater number of 
If thp ^ greater the problems of dyeing 

selecting cont^ns Wool, best results are obtained by carefully 

and exhaii<;t,«^^^ . balance between time, temperature. 

With a rise tn ? affinity of normal wool for dye increases 

if a boilinir ^ lowering of the pH of the dye bath 

"ool Will *”aintained for a long time, the shade on the 

this occurs tlie h ^®Pf-!} at the expense of the cotton or rayon When 
fill up the ®“Ould be cooled rapidly and direct dyes added to 

Shades X if 1 

With a ten Ljf r«„f too dark are best given a short boil 
obtained Glauber s salt bath When the desired result is not 

protective enU^'^ P^"^ of soda ash might be added, but the use of 
"ool from ‘accessary to avoid alkali damage To prevent the 

rbing certain cotton dyes, special retarding agents have 
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been developed For example, modified sulfur containing phenol con- 
densates produces very good results. 

Aralac absorbs dye rapidly at low temperatures in the early stages 
of the dyeing operation However, as time and temperature are in- 
creased, wool can absorb acid and dye from the Aralac and build 
up rapidly in dye concentration To prevent this in dyeing wool and 
Aralac mixtures, the dye bath should be buffered and the pH controlled 
by an addition of disodium phosphate or other buffering compound. 


Wool and Silk Mixtures 

Silk IS ordinarily used in wool and worsted yarns and fabrics to 
obtain stripes, as in men’s wear fabrics, or to create light-weight fabrics 
such as silk cashmere Silk noils and tussah silks are used occasionally 
111 woolen fabrics Such mixtures occur most frequently in woven or 
knitted piece goods Silk is an animal fiber and therefore closdy related 
to wool Hence, most of the wool colors such as acid and mordant colors 
are also utilized in the dyeing of silk 
The dyeing procedure varies accoidmg to whether solid or two-color 
effects are wanted, in other words, either to dye the silk the same shade 
as the wool, or to have the silk undyed or cross-dyed, if the silk is 
alieady colored 

1 Dyeing silk and wool the same shade The best results are obtained 
by dyeing with acid colors in one bath The general procedure is as 
follows The dye bath is set with 5 per cent Glauber’s salt (calcined) 
and 4 to 6 per cent sulfuric acid (66” Be) The goods are entered at 
100 degrees F and raised to the boil in about half an hour and dyed to 
shade just below the boil By severe boiling with reduced quantities of 
acid, the wool dyes deeper than the silk At temperatures between 180 
to 200 degrees F and with a higher quanfaty of acid, the silk absorbs 
more dye For deep shades, like dark browns and marine blues, where 
silk IS difficult to match with wool, it becomes advantageous to use a 
strong acetic acid bath (10-15 per cent), the bath is started with half of 
the necessary quantity of dye and after exhaustion the remaining dye is 
added during tooling to bring the silk to the same shade as the wool 

2 Dyeing silk and wool, leaving silk white To accomplish this, 
dyes have to be selected that do not or only slightly stain the silk The 
normal procedure is to dye the wool fii st with acid or chrome co’ors as 
desciibed before The dyeing must be done at a boil Should the silk be 
slightly stained, it is cleared up in a fresh bath consisting of 1 to 2 
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^unds hydrosulfitc per 100 gallons of liquor at about 90 degrees F. 
Even better results arc obtained with the addition of Setamol \V S of 
General Djestuflf Corporation, after the boiling has proceeded for onc- 
nalf to one hour Two to ten per cent of Setamol is rt commended, 
ori the amount of silk staining. An aflditional boil of at least 
a naif hour is necessary The best effect is obtained by the use of acetic 
^ ' temperature It is practical to dye wool fabrics 

uitn white silk effects intended for dress goods w ilh acid colors, wdici eas 
or men s wear fabrics chrome colors arc chiefly employ cd 


Wool and Vegetable Fiber Mixtures 

fabrics in this group constitute the "unions,’' containing 
hvicfo,? cotton in various proportions already mixed in the raw slock, 
t)renarJf« ^o^ton warp and wool filling, or vice versa The 

accnrri,« processes of the various types of unions before dyeing \ary 
to all W’^/go^ods*^ niakeup They are carried out in a way similar 

f vegetable fiber, in most instances requires an entirely 

to wonl ® different dyeing procedure Similar 

dyeinp tlw* ^ ^ mixtures, the "unions” may be dyed m solid shades, 

dve tfo TM 'i°° cotton simultaneously The second condition is to 

and and finally to dye both wool 

"u cotton to different sliades 

based* Jann! shade The most common method 
and cotton fmm certain groups of dyes ha\e an affinity for wool 
the individuated^ boiling Gtauber’s salt bath However, the affinity of 
formly, others widely, some dyeing wool and cotton uni- 

quently the dw cotton more deeply Conse- 

groups ’As a divide their colors into these various 

dyes bette? It IWI "whereas the cotton 

becomes possib^tn ^ ^^g^^ating the temperature, it 

cotton at will The ^be wool or onto the 

The bath Vs set nF*? for pale shades is as foPows 
®alt (calcined) on d?® 8 to 12 per cent Glauber’s 

^ho IS 1 to 25 with 7nT^'f C?^ shades the liquor 

‘lye bath is not evhn!,E^ i per cent of Glauber’s salt (calcined) The 

for >s continued in the standing bath 

«S to it of th^n.F^ quantity of dye necessary to renew the bath 


786 


American Wool Handbook 


hour until the wool has reached its proper shade To ensure that the 
cotton IS sufficiently covered, the dyeing is continued with the steam 
turned off from a half to one hour Considerable deviation of both fibers 
may be corrected with the dyes enumerated^ 

Dyeing the wool and leaving cotton white. In this process mostly 
acid colors may be used and applied in the same manner as described 
under acid colors To prevent any unnecessary weakening of the cotton, 
formic or acetic acid is used 


Wool and Rayon Mixtures 

With Jhe introdu ction o f "wo_ol-lit^.»ra.VDn.stanle JSljgi;, this type of 
mixture haFgSinM’coiisiSefable importance There" are three kinds of 
rayon of importance to the wool industry (1) viscose rayon, (2) 
cuprammonium rayon, (3) acetate rayon 

Viscose and cuprammonium rayon are m the final state composed of 
pure cellulose and therefore their dyeing properties are closely related 
to each other as well as to cotton The acetate rayon, however, is quite 
different in its dyeing properties, because the final product is a cellulose 
acetic ester requiring special dyes and procedures 
The wool dyer may have to deal witii rayon in these various forms 
(1) loose staple .fiber, (2) rayon waste, (3) yarn mixtures, (4) con- 
tinuous filament rayon yam, or (5) a mixture of the'se in piece goods. 

When treating acetate and wool mixtures, temperatures exceeding 
175 degrees should be strictly avoided, because the luster is impaired 
and sapomfication sets in All rayons are very delicate in wet condition 
as they lose from 40 to 50 per cent of their strength , therefore, particular 
care must be exercised m handling 

1 Dyeing viscow and blends oj viscose and wool According to L 
Walmsley®, the following are the methods in general practice for the 
processing of viscose and., blends xif'^'iscose-andjvool 

A Raw stock dyeing In order to dye rayon raw stock successfully, 
it should be remembered that rayon swells when wet, and packs very 
hard The only successful method is by the use of pressure machines, 
of which there are any number The ones using the greatest amount of 
pressure usually give the best results It is well never to overload the 
machine, and if the machine is one in which the flow is horizontal rather 
than ver tical, to use a larger core than is customary, thus having a thin- 

Walmsley, L, American Viscose Corporation 
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iicr wall to penetrate than woniti nihenvj'^c l»c the ca*:e 'I l>e cxpiiKton 
tank •should he Mjfiicicjilly larpe tn nrry ti>c hquor iirre »<sary to run 
the machine: Tin's i<; not the ca*-e in •■onic nnkr-;. winch precludes the 
use of certain tjjies of d)cmjpi, notably rcduccti \at 

The best ^tock-dyciiif; machines arc the ones that enilhMl) the use 
of stainless-steel shcUcs. •.cparalinp the stock into se\cnl layt rs so that 
the d}c can pass from one layer to the other rather than having to 
penetrate a single large mass 

The following methods of dyeing have been done successfully on 
Viscose staple fibers . 


(a) To dye direct colors, the method used is to wet the goods out 
'vitlLa-synlheUc detergent, approximately 1 per cent on weight of 
B^sjor about ten minutes Add the dye at the boil for fifteen inimites, 
a CQinnion_salLjisjLli£-forinula calls for, in about four equal parts 
joii ten minutes and sample; if additions base to be made, it is desir- 
anf ^°ia degrees F. and add the dye, raise to boil, 

penp 1 ^ extent tins prevents unevenness As a 

shif/^ ™ 1 ’ additions are not necessary as allowances for the 

bitoi? , made on the succeeding batches, and after about three 
•matches the shade should be established. 


out in colors arc dyed in the following manner : the stock is wet 
water to which has been added a suitable detergent The 
that tViA* J dissolved dye is then added, but care must of course be taken 
sulfidp Tf solution It IS well to add a slight excess of sodium 
and in properly m solution, it will adhere to the fiber 

It IS not °P'^*’^hqn will come off on the machinery. Further, 

^ re-reduce the dye and no matter how 
^cts as a ^ I® possible for it to be removed, as the mass 

to the boiling for fifteen to twenty minutes, salt is added 

contiSed fn minute intervals. Dyeing 

twn of making minutes and a sample taken. The ques- 

®) , all baUie u ,d*tions is as outlined under direct dyeings (paragraph 
wdl sure&?r^^ 1°° ^‘■°“eht back to boil or Llevel risults 

then the nprAce"^* j *® dropped and given a cold water rinse and 
minutes u « oxidizing agent After oxidizing for about twenty 
if fte Water given a boiling soap or synthetic detergent 

*f not, that o Great care must be taken that soft water is used or, 

formed as Calgon is used Otherwise, lime salts will 

which are very difficult to remove 

I 1 T\-_ 


^ v'-Ajr uiiiiv.uiL lu icinove 

‘fmects an?mvA^tu”‘5i colors are dyed in the manner of 

gi en the diazotizing and developing treatment With raw 
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stock an excess of the developing bath is desirable, about one-third 
more ; otherwise, an une^en developing takes place 

(d) To apply vat dyes, the p^ment method is the most successful 
The material is wet out in about 4 per cent synthetic detergent 
at 160 degrees b' Run ten to hfteen minutes, add the pigment in 4 to 5 
equal portions (fiNe minutes each) and add the caustic and hydro 
(about 1 cc for 100 cc. of 40 per cent caustic and 8 per cent hydro on 
M eight of goods). Continue twenty minutes and drop Rinse in cold 
water for five minutes Oxidize with sodium perborate and soap at the 
boil The reduced method is used to some extent but it has not been 
found to give an anj more even dvemg, but does has the disadvantage 
that it IS much more cumbersome to apply and opportunities for mis- 
takes on the part of the operator are much greater. The advrantages of 
the reduced method are the greater exhaustion of tlie dje bath and 
subsequent better money value, but when weighed against the greater 
risk of uneven lots and badly dyed batches, the advantage seems to he 
with the pigment method Further, if the reduced method is used, a 
much larger expansion tank than usual is necessary m order properly 
to prepare the bath Indigosol dyes are not recommended When pro- 
longed developing may be necessarj', severe tendering of the stock will 
result 

(e) Naphthols are applied in the usual manner, and the following 
precautions should be taken to ensure best results The naphthols should 
be in complete solution, otherwise, badly crocking goods will result 
The coupling bath should contain a good dispersing agent such as 
Diazopon A, which causes the unfixed color to become so finely dis- 
persed that it forms a colloidal solution and can be readily rinsed with 
resultant improvement in fastness to rubbing. 

B Top dyemg The procedures employed for the dyeing of raw 
stock also apply to top dyeing and the same precautions should be 
observed The s5stem that dyes raj on top most successfully is the 
Abbott sj^stem The advantage of this sj'stem over others is that it 
embodies the use of a large core around which is wound the rayon top 
to approximately to 2 inches in tliickness, dependmg upon 
the denier, the finer denier size having the smaller wall thickness This 
gives a greater velocity of flow tlian other types at low pressure, and 
results in perfeetty level dyed top, which offers a minimum loss of tensile 
strength The drying of the top by the blower sj'Stem is also very 
satisfactorj', as there is no movement of the fiber, and consequently no 
entanglement, which results in satisfactory gilhng. No recombing is . 
necessarj'. 
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One point should be noted here, and that is that rayon top, when 
made, should contain approximately 1 to per cent of oil, the oil 
in the top throughout the dyeing opeiation If the oil is 
and 01^ it will pack very hard 

coiitem - It gills, it Will do SO with difficulty and will 

am a sufficient number of slubs to require recombing. 

with LnTri approximately five hours compared 

approximaHo ^ amount of rayon per spool is 

30 pounds of wool 

'» 'iSiiclS^i a matter 

tain classpJoJ^l^^®*^® considered at once, and the use of cer- 

because of their effect on other 

°1 yarn ccfiUamm^ ^ ‘^'® 

'vi«i dirS ^‘■® foi" ‘*1® n^ost part dyed 

tlie wool If .ri ® n^nti-al-dyemg woolen colors, employed to dye 
fastness to ® to choose the dyes so as to obtain a fairly good 

be desired nlrtpr ci and perspiration fastness leave much to 

bgbt, washing- are fairly satisfactory to 

diazotizing and P®*'®P*ration This is accomplished by means of 
colors that will choosing of neutral-dyeing wool 

A consTdS * diazotizmg ti eatment ^ 

°[vatsand naohthnU success has been attained by the application 
obtain good unions on goods, and it is quite possible to 

Tbis. of course "eD?«I^.f employing these classes of dyes 

®Poa to blended^S.?^® situation, and an entirely new field 

Soneral. when the use of vats and naphthols becomes 

dyed With vat co/nrJ*®* ^ viscose and wool blends are today being 

•ended materials intente/*^® employed on tropical worsted 
In^'f continuoisfr^^ measure, these 

®fti®fab^e ^fiere viscose is used as a white effect, a 

Tn!f acids shofe® "®®®ssary to prevent staining of the 

,>.<l>eing varm., 1 ^ preference as dyeing agWs 

^^aljL^^een the ffiSren? diffeiences in the 
bettti? y, diese differenrp even of the same manufacture 

‘batthe<?‘'®'^’‘«o»stySrofwL“p®^^^^ smaller, as they occur 
f^oreS^^”®c rayons u^n dvl wool Rayons behave similarly to wool in 

stapC '^y® a shade only half as stiong as 
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2 Dyeing %vool and acetate mixtures Acetate yarns and staple fiber, 
due to their chemical composition, require a careful selection of dyes 
in order to obtain satisfactory dyeing m mixed fabrics They are: Acele 
and Celanthrene by duPont, Artisil by Sandoz; Calcone by Calco 
Chemical ; Celliton, Cellitazol, and Cclhton Fast by General Dye Corp , 
Cibacet colors by Ciba , Nacelon by National Aniline & Chemical Co. 
and S R A colors by American Aniline Products Some of the 
best acetate dyes are produced by the Tennessee Eastman Corporation 
In dyeing such fabrics it must be borne in mind that acetate rayon 
IS very susceptible to alkali and temperatures above 185 degrees F 
It IS therefore important that no soda be added to the washing or the 
dye bath and that the dyeing and subsequent drying be carried on at 
temperatures not exceeding 185 degiees F The preliminary washing 
can be earned out with the addition of neutral soap and to ^ pint 
ammonia (25%) per bundled gallons at a temperature not exceeding 
105 degrees F 

In mixed fabrics composed of acetate and wool the acetate is usually 
added as an effect fiber to piece-dyed goods and, therefore, the mam 
problem the dyer will be confronted with is 

Acetate to i eniain white, wool to be dyed The dyes suitable foi this 
purpose are found dnefly among the acid dyes Some of them leave ace- 
tate very clear The dyeing procedure is simple. The goods are dyed for 
one hour at 185 degrees F (at the most) with 10 per cent Glauber's 
salt (calcined) and 2 to 4 per cent formic acid (90%) 

As all acetate dyes stain wool more oi less, \t is not possible to dye 
the acetate and leave the wool white Acetate and wool may be dyed m 
two different colors This may be accomplished by using the acetate 
colors which leave the wool fairly clean m combination with regular 
acid dyes By adding retarding agents the clearness of the two shades 
may be considerably impioved 

When acetate rayon and wool has to be dyed a solid shade, the 
procedure is similar to that followed for producing different colors, with 
the exception that the selection of the dye is much easier This may be 
accomplished in one bath process 

3 Dyeing mixed fabrics composed of acetate, vegetable fibers (cotton 
or viscose), and wool Such fabrics are very seldom produced in the 
woolen and worsted trade Depending on the effect to be produced 
(leaving one fiber white and dyeing the other, or dyeing each fiber m 
the mixture a different shade) , a careful selection of suitable dyes has 
to be made as discussed under the various mixtures 
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4 Dyeing shoddy containing cotton and rayon Such mixtures are 
used extensively in producing very cheap fabrics, especially black, dark 
blue, brown, green, and olive shades When the goods are not subjected 
to severe milling, they may be dyed by the one-bath process as described 
under "Dyeing wool and cotton the same shade " For dyeing where 
relatively good fastness to fulling is necessary, the dyeing has to be 
after-treated with metallic salts such as cliromium or copper salts with 
formaldehyde Special groups of dyes are recommended by the dye 
concerns 

Fmishing After Dyeing 


After dyeing, there is usually a finish added to facilitate further 
operations such as carding 

On goods to be run on the woolen system, an amount equal to about 
5 per cent of sulfonated olive or peanut oil on weight of goods is added, 
which will leave the jaw-stock-itrarwell-Ui bricated . condition after dry- 
ing Jtaw stock for carpets, of course, does not receive this oiling as it 
tends to pick up dirt and, therefore, would be unsatisfactory for the 
carnet trade These goods are processed without finish 
•Kaw stock for the cotton system also receives a finish bath This is 
little and is of a dry type such as a cationic softener or a wax 
should be sufficient softener or wax to allow the cloth to run 
the cards without slipping Too much will cause a clogging 
the mam cylinder and will result m excessive cleaning Too little will 
use the fabric not to card well and will give an uneven web 
2 ™“^tly, wool for the cotton system should not contain more than 
per cent of oil , otherwise, difficulty will be encountered during the 
carding operation 


BLEACHING WOOL 

niatter natural state always contains some pigment 

ydlowKli T grades of the so-called white wool have a slight 
to reiTin-. ^ order to produce a clear white color, it is necessary 
In bro^ coloring matters either by tinting or bleaching 

ever the black wools the pigment matter is considerable; how- 

vook fl^ese colored wools is small compared with the white 

To blef they are seldom, if ever, bleached 

east of tVi ''ool by the tinting process means to neutralize the yellow 
Violet ^ dyeing the fibers with a delicate fant of blue 

t is therefore not a removal or a destruction of tlie natural 


792 


American Wool Handbook 


pigment, but snnpl)^ a diange o£ the yellow tint to a gray. Gray, being 
less perceptible to the eye, causes the w'ool to appear white The dyes 

su£h 4s,the^acid violets^ which are applied 4 £La.dightly%.acid b^fi "The 
actual amount of color requited is \ery small and care must’^Be’cxercised 
to avoid otertinting, or ovci bluing the wool to a strong bluish tone 
Wool bleached in this manner does not possess a clear white color as 
w ben the natural pigment is actually destroyed Destruction of pigments 
t-an be accomplished either by reduction or oxidation 
The two mam bleaching processes that arc used are the sulfur dioxide 
bleach and the hydrogen bleach The former is the older and the latter 
i& the more permanent and generally the more satisfactory A serious 
disadvantage connected with the sulfur dioxide bleach is that the w’ool 
retains the chemical very tenaciously w ith the result that the color of 
dyed material woven .w ith the bleached ma} become affected on storage 
Also, the ralor of dyed material placed m contact with bleached material 
may be affected on storage 


Sulfur Dioxide Bleach 

The material may be either stoved, i e , treated with gaseous siilfui 
dioxide or it may be treated in an acidified solution of sodium bisulfite 
in the first method the scoured hanks or pieces, if dry, are wetted out 
111 a weak soap bath, hydro-extracted, and then submitted to tlie stoving 
process Stoving involves simply the exposure to the fumes of burning 
sulfur for SIX to eight hours or overnight The sulfur stove is con- 
structed of stone or brick and should not contain any metal It is fitted 
or rollers for yarn and piece goods, respectively 
n-lrmL continuously at full width tlirougli a 

nS later emerge About 6 pounds of the sulfur 

Siir ‘s Ignited, the doors are closed, and the 

materiil vorv ”i The fumes are blown out and the 

th?Sd t L of i ™ finally blued by 

at- T* yam co^, and cheeses may be bleached with sulfurous 
ShndeS A lS3"h‘^5 “hydrous product obtamable in steel 

T“'; he air-evacuated and is 

also fitted with a v . cylinders by a lead pipe, is used The vessel is 

In the second method a cold bath (SCO gallons) is made up with 
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about 254 gallons sodium bisulfite ( 10® Twaddle, 37® Be) , and 4, pounds 
sulfuric acid per 100 pounds of material The yarn is thoroughly 
saturated and then steeped for two to three hours Good ventilaimn is 
necessary as large quantities of sulfur dioxide are evolved After ijins- 
ing, the materials are blued by the addition of acid violet or indigo 
extract in the last rinsing water 


Hydrogen Peroxide Bleach 

A cold bath containing per 100 gallons, 10 to 12 gallons hydrogen 
^ ^7 weight (12 vols ) or 1 gallon hydrogen peroxide 

lini^T m (100 vols.), is prepared and made slightly alka- 

nemv^ j sodium Silicate or ammonia In,placejjf..hydrogen 

case a cold bath is 

Dounri?c^™ 12-to43..pounds^ulfuricacid.pArJQp gallons.and,then 10 
slivhtlv 00 peroxide is slowly stirred in At this stage the bath, now 
sodium alkaline by the addition of a sina’l quantity of 

overnifrS The well-scoured material is satuiated and then steeped 
night for some twelve hours 

opMbleaSi^f " bleached in machines The latter, like the 

Connectine wood, of stone, or of earthenware 

Ibe liquor iKfi earthenware, the pumps for circulating 

ofleadanddS!. porcelain, and the heating pipes should be 

coils and pump driver stainless steel is also used for the heating 

With a spSSnr ? 'I® fi**" for bleaching that is provided 

tor settinSe EchS^ ^ arrangement, to serve 

^or 100 pounds bleaching solution 

of sulfu, ic acid an^on P bleaching liquor, 27 pounds 

;og Jank m'^sSS^EannJl'tS ^be storage into the bleach- 

wool from below, a^rwhicWViV^ upwards through the 

bquor IS being cirSe^ - T']? '1 ^bile the bleaching 

at this tPm., ® . "*?ted It IS gradually heated tn 1 1 >; 



»nto the storage the liquor is pumped 

nnsTi thejTcoM diX? thoroughly rinsed m clLn 

C(j The pumn. ehmtl/f ' ^ with sulfuric acid, and aaain 

I*r minute * I® "“t make more than 500 or 600 revoSns 
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For piece goods it is customary to use large earthenware tanks fitted 
with a winch The goods are run in string form in the bleach bath from 
four to SIX hours, at a temperature of 125* F The bleach bath is pre- 
pared as follows 250 gallons of water are heated to 125 degrees F and 
the necessary chemicals afe added . 

20 quarts hydrogen peroxide (100 volume) 

2 quarts ammonia (free of iron), or 
2j4 quarts silicate of soda (28“ Be) 

To prevent too rapid liberation of the oxygen, a so-called “buffer” 
may be added, which acts as a stabilizer — ^for example, 4 pounds of 
jgyiophosphate 

To determine the exact strength of the bleach bath, it has to be 
titrated. In titration the bleach bath given above will show . 

3 1 grams of oxygen per liter, or 

2 15 volume with a pH of 9 4 and a total alkalinity of 8 

This IS an ideal bleach bath for piece goods After the desired bleach 
effect IS reached the goods are taken out, brought to a string washing 
machine, rinsed well with fresh water, and acidified with sulfuric or 
formic acid In some cases a small amount of dye, either methyl violet 
or ultramarine blue, is added in rinsing to brighten the white 


Hydrosulfite Bleach 

I A ^ less severe bleach can be obtained by the use of sta- 
bilized hydrosulfite compounds as marketed by various dye concerns 
vjooa results are obtained by combining the hydrosulfite process with 
the hydrogen peroxide bleach. 


Bleaching of Specialty Hair Fibers 

Owing to the high price difference between white cashmere and col- 
ore cashmere, white alpaca and dark alpaca, white rabbit hair and 
gray rabbit hair, bleaching of the dark fibers is a more or less common 
bleaching of this type of dark fibers is very difficult 
hppn f ^ results are obtained on the white but no process has so far 

”9^ severely damage the dark fiber and lend to 
soff during manufactunng, impairing especially the 

ndle normally characteristic of the specialty hair and fur fibers. 
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ALTERING THE AFFINITY OF THE 
WOOL FIBER FOR DYES 

Multicolored oolcn and w orsted goods ns n rule arc produced either 
irom dyed stocks, tops, or yams The manufacturer generally \\ea\<.s 
them m hundreds of di(Tcrcnt designs, which compels him to keep a 
proportion of his capital lied up in slocks of yarns for long periods 
aking pieces from und 3 'cd i\ool and dyeing them into plain shades is 
cniaper and iinolves a much lower risk because of certain changes in 

piccc-d}cd cloth satisfies the public only to 
tho “^tent in spite of innumerable cliangcs and variations made in 

Multicolored eflfccts in piece dyeing might be 

iMecrall the piccc-dycmg colors, but the matcnal is no 

^\oo1pne ° f ‘hfroduce color and novelty effects in piece-dyed 

ha^c put m their cloth woolen knops, kemns 

«llophane°an/ni1 ^^^‘^'^1 ostrich feathers’ 

‘«creLfi!^ thctarm?v and popular method of 

dyed yams anrtS^t^^ woolens is to wca\ c in colored yarns with un- 

appreciable hlen 1 , ^ ‘^^ects must withstand tlic cross-dycing without 

S^dyed ^ ith "f yarns are gen- 

bleedmg^?4 chrome browns, blues, or blacks To avoid 

of orgamcacidTTh,!?^"'^ below the boiling point and in the presence 
s This cross-dyeing is usua ly limited to pale shades. 

Decreasing the Affinity of Wool for Dyes 

winch SIe”wo^^Sp^°°^ manufacturers have searched for a process by 
;«.st the aWohon tliat it S 

Such a process P‘ooe dyeing. 

Way a large variptv nf possible to obtain in a cheap and simnle 

arable research hn'^ multicolored effects on all woolen cloths ConXl 

toward dves to =« u decrease the affinity of the wnnl SuT 
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and tartaric acid. The method is quite simple, but it is not used because 
of damage and discoloration of the wool An improvement of this proc- 
ess, known as Wool Resist CB, was deve'oped by I G Farben by adding 
some foimaldehyde, pyridine and zinc chloride to the tin crystals A 
fuither improvement was the acetylation process, which considerably 
1 educes the atfinity of w ool foi acid d) es. The \\ ool oi yarn is treated 
w ith acetic anhydride, glacial acetic acid, and sulfuric acid at 140 de- 
grees F for forty minutes This process is the best resist process known 
but necessitates special machinery and is quite expensive. 

2 Sulfonation Treatment with concentrated sulfuric acid (80%) 
reduces the combining capacity of wool foi acid dyes, but the degree of 
damage is considerable Ovei carbonized wool dyes much lighter than 
normal wool 


3 Glyoxylatwn Speakman and Elliott® stated that the use of glyoxal 
produces a resist that is only slightly inferior to acetylation They gave 
the following recipe 

Treat 1 pound wool for one hour at 185 degrees F. m 6j4 ounces 
gl>oxal, 12 ounces sodium bisulfite, in 4^ gallons water, with )4 
gallon acetic acid 


Various processes have been developed using formaldehyde combined 
with different salts or synthetic tanning materials made from naphtha* 
lene sulfonic acids with formaldehyde Even better results are obtained 
by the formation of the tanning material in the presence of the wool 
fiber The best results are produced by the formaldehyde and R sa’t 
process The procedure is as follows 

100 pounds wool are boiled for tlurty minutes m 100 gallons of water 
containing 50 to 100 pounds formaldehyde (40% — ^the larger amount 
gives a better resist, i e , 43 to 1 compared with 30 to 1 ), 2 to 3 pounds 
R salt, and gallon sulfuric acid 

The wool IS then centrifuged, dried, and baked for 15 minutes at 225 
clegrees X* The effectiveness of the resist is estimated by comparing the 
depth of shade on the normal wool to that on the resist-treated wool, 
j ^ ’■esjst ratio of 30 to 1 

1 he disadvantages of all these piocesses lay in the fact that the lesist 
is tar from perfect and is dependent on careful chemical control Then 
use IS mainly confined to tone-in-fone effects Working with formalde- 
i>de IS very unpl^sant, even with a special plant, the fumes produce 
^ effect The formaldehyde R salt process tenders the wool con- 

si erabl y , because it is actually a double carbonizing process Prolonged 


‘Speakman, J B 
Colorists, 59, p 185 


and Elliott, G H 
(September 1943) 
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boiling m a Glauber's salt and sulfuric acid bath almost eliminates the 
resist effect 


Increasing the Affinity of Wool for Dyes 

various methods in use for increasing the 
ChlnrmafoJ^°° i°j chlonnatton is the best and most important 
bath dyes much faster than normal wool in the same dye 

shade necessary before a similar depth of 

ducmc tonp wools. Use is made of this fact in pro- 

“ '»■ 

of Townend^ has shown that the degree 

•ng by the addition to the dye bath of retlrd- 

The retardme phenol-sulfur condensates 

nated wools by both the normal and chloii- 

'vith normal wfoflitr absorption rate of certain dyes moi e 

'nto tone-m-S efeJll be piece-dyed, not only 

Somedyes tenH tn« !i ^ attractive two-color effects 

tbe no?S wSol ^bereas others almost resSve 

amount of rSdi^ , be varied in degree according to the 

the ranges of S by the selection of the dyes 

the regular acid dtp7 ?? ^ contrast, there are mLy 

djef gfve Slen ' ‘^brome dyes The metal- 

Jarns when dyed m the ‘^blonnated and normal worsted 

eoodf.lhXe ^^P“>ally in 

must be done after 

j|;wmeS!ShS^sSmT"i?M^^ fibers with various 

duttdT'"V''"b fibers m y?rij chromium fluoride, and 

ccd by selectinfr fiio ^ n torms, tone-in-tone effects can be nro 

colors Th “mete 

some, 

P ,I'®wnend P t /- 

^W.6i;p J Soc Dyers and 
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PRINTING WOOL 

Wool may be pi mted either m the form of slabbing oi yarn or as piece 
goods But in either case printed wool materials comprise a minor por- 
tion of the finished wool articles The piocess of printing upon warp 
yarn is done largely on carpets (See page 894 ) 

Vigoureux Prmting on Stubbing 

Vigoureux printing of wool stubbing or top is done only by a few 
mills Mixed effects by vigoureux printing are obtained by passing the 
slabbing through a printing machine The printing macliine is operated 
on the same principle as that used for printing cotton or rayon, except 
that instead of using an engraved rollei to convey the color paste to the 
slabbing, a roller with raised bars is employed 

The width of the bars on the roller, the depth of the color, and the 
frequency of the cross-wise stripes on the slabbing determine the pattern 
or effect The color paste is composed of dye, a thickening agent such as 
British gum, acetic or oxalic acid or both, ammonium sulfocyanide, 
chlorate of soda, and fluoride or acetate of chrome After the material is 
printed, it is steamed to complete the operation and back-washed to 
remove surplus gum and loose color It is then put through a combing 
operation which rearranges the fibers The dyes used for this purpose 
include a few direct cotton colors, many of the chrome color groupi 
some acid colors, and various specialty products The requirements are 
fastness to light and to mild fulling The direct cotton colors are those 
having good wooWyeing properties The suitable acid colors are those 
possessing good affinity foi the fiber in weak acetic acid baths and show- 
thg good fastn^s to fulling The majority of these are in the "milling” 
color group chrome colors comprise those that form the chrome 
lake readily when steamed 


Direct Printing of Piece Goods 

To increase the natural affinity of the wool fiber for the printing 

pretreated with chlorine or, in some 
tinti rnnf 1 ‘^^^orinating, the pieces are passed through a solu- 

hydroclilonc acid followed by a 
hv ^ ^ bisulfite of soda to remove the chlorine, which is followed 
oy a thorough washing and drying 

direct colors are recommended for wool printing Here 
again fastness to washing and light are the major considLtionf 
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3‘TOTHPROOFING WOOL 

In recent years mothproofing of woolen and worsted goods has be- 
come more widespread because of tlie development of more effective 
chemical compounds and simplified methods of application That there is 
a definite need for a satisfactory method of mothproofing all woolen 
goods that are stored during certain periods of the year such as wearing 
apparel and blankets, as well as upholstery, carpebng, and other bulky 
products can be seen from tlie fact that tlie annual damage attributed to 
tnoths and carpet beetles in the United States alone has been estimated 
at over 100 million dollars ' 

suggested from time to time for 
wool by moth larvae However, since most of 
fpj 7 temporary effectiveness, if not totally ineffective, very 
ornvJr^ industry The ideal mothproofing agent should 

protection, that is, its effectiveness should not be 
with tim? washings or dry cleanings, nor should it deteriorate 

Mnfh!? ^posure to light or varying climatic conditions 

1 agents may be applied to wool in three general ways 

to the ^^^stances to the wool which (a) makes it unpalatable 

2 Bv ? ’ poisonous to the larvae 

whose vannl^ u ^ container with a volatile substance 

liquid insectrade^ storage place penodically with a 

gardeVaftemllor^?!!?'^^’ useful in many cases, must be re- 

Poraty or permanent The first method provides either tern- 

*>'« 


^'1‘titi FF and the Both 

«iusethey render thp ^ effective mothproofing agents be- 

the same time nomox‘!?tl! as nourishment to the larvae and are 
tl'«ire are Eulan N CN NK ''^"ous Eulans 

‘^'■ceptions of Eulans RT Eulan New With tlie 

’"g and can be anS?^ to washing and dry dean- 

he use of Eulans can be demonstrated in the following ex- 
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ample using Eulaii CN The Eulan CN (pentacliloro-dihydroxy-tn- 
phenyl methane sulfonic acid) is dissolved in boiling water in the pro- 
portion of 154 ounces to 1 gallon of water The clear, hot solution is 
added to the dye bath when the latter has reached a temperature of 120 
to 130 degrees F For satisfactory results, the amount of Eulan CN 
added to the dye bath should be equal to 1 to 2 per cent of the weight 
of the wool The addition of 3 per cent affords protection against Atta- 
genus and Anthrenus beetles in addition to moths It is interesting to 
note that Eulan CN goes onto the fiber quantitatively from an acid bath 
and IS not impaired by the subsequent finishing operations 

Mitm FF Mitin FF is a colorless organic dye a halogen-substituted 
acylamino sulfonic acid (U S Patent 2,311,062). Its affinity to wool is 
so high that it is quantitatively exhausted from a neutral bath at 140 
degrees F It is fixed by the fiber even faster than the Eulan brands, 
vvithstanding not only washing but also the fulling operation It can, 
therefore, be applied to the wool in stock, top, or yarn form as well as 
combined with piece dyeing The mimmum amount of Mitin FF re- 
quired for adequate motiiproofing is 2 per cent of the weight of the wool 
of a proved method of application of Mitin FF is as fol- 
lows Mitin FF IS prepared by dissolving the required amount in boil- 
ing water in the proportion of 1 to 10 This solution should always be 
made up fresh It is then added to the dye bath at about 85 degrees F 
Ihe temperature is gradually increased to 140 degrees F during the 
next twenty minutes, after which 1 per cent acetic acid is added and the 
goods run approximately forty-five minutes at 140“ F 

In addition to the Eulans and Mitm FF, there is a large group of 
cannot be classed as permanent mothproofing agents, 
ut which give good protection under limited conditions Among these 


to wool ^ compound is an organic fluoride which can be applied 
1 rnn!? in the following stages of manufacture : 

dyang carbonizing— in the final rinse after 

ules ol “““ 

m the final rinse after bleaching 

lutdv free S Amuno, the pieces must be abso- 

able^nffnr cf marks, or any resist stains, and the extract- 

The Roods can°W^°l exceed 0 6 per cent of the weight of the goods 
m winch thov^an L kettle, dolly washer, or any machine 

y e agitated continuously Amuno Is added in the pro- 
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generally used for creating an atmosphere inimical to moth life are para- 
dichlorobenzene and naphthalene, both of which are solids witli appre- 
ciable vapor pressure at normal temperatures These substances are ef- 
fective only when the goods are stored in sealed containers or well 
packed in stout paper packages. The crystals of para-dichlorobenzene or 
flakes of napthalene are scattered about the goods It is obvious that such 
protection is maintained only as long as the vapor concentration itself is 
maintained 

Insecticidal spt ays Insecticidal sprays, often described as solvent con- 
tact sprays, are used primarily for combating insecticidal infestations in 
buildings and storage places. These materials consist essentially of pow- 
erful insecticides — e g , pyrethrum, dissolved in a volatile solvent, such 
as "white spirit ” They will destroy moths or grubs with which they 
come into contact Their insecticidal action is only temporary, and if by 
use of these sprays goods are to be kept mothproof it is necessary that 
the sprays be applied at frequent intervals A further limitation of their 
use is the difficulty of ensuring penetiation into a mass of material 

DDT The use of DDT as a mothproofing agent was developed dur- 
ing World War II, and it was found that 0 1 per cent applied to wool 
Jives adequate protection DDT can be applied as a solution in oil at 
:ertain stages in processing, or as a solution in solvent It may be useful 
to apply It in oil to protect tops, rovings, yarns, or pieces while they are 
stored , however, the protection would be lost on wet processing 

Of far more importance seems to be the development of the use of 
DDT in the form of a fog for the control of clothes moths in wool-storage 
houses as well as in the storage rooms of woolen and worsted mills In 
this method, known as Thermal Aerosol Fog, a 5 per cent solution of 
DDT and oil is atomized by compressed air into a fine mist by means of 
a fog generator. It appears tliat the Tliermal Aerosol Fog containing 
DDT may provide a much more economical pest control procedure for 
use in woolen and worsted mills than any other older method of 
warehouse pest controls 

The National Institute of Cleaning and Dyeing reported recently the 
successful application of Erustomoth, a mixture of DDT and an absorb- 
ant powder for the mothproofing of wool garments The treatment of 
the garments is combined with the extracting process after dry cleaning 

Gammexane More recently benzene hexachloride (Gammexane), 
"an insecticide with outstanding properties,” has been stated to be 
highly toxic to clothes-moth grubs 


Dvr-iNG. Bifaching aki> Pkistinc 8W 




Chapter 19 

WET FINISHING OPERATIONS 

F inishing relates to all those processes to which woolen and 
worsted goods are subjected after they leave the loom and 
JB- before they are presented for sale. The primary object of finish- 
ing IS to enhance the quality of the cloth, imparting to the woven 
fabric a specific appearance and handle in order to render it attractive 
to the purchaser. 


Four Factors to be Considered 

Finishing processes are extremely varied The number of opera- 
tions and die degree of treatment depend on the following factors 

1 The type and quality of the raw wool used to make the fabric 

2 The type of yarns used in the fabric 

3 The design or structure of the fabric 

4. The specified surface character and handle to which the finished 
fabnc must adhere 

1 Type and quality of the raw wool The type and quality of the 
raw wool influences the felting and shrinking properties of the fabric 
during the finishing operations 

The ability to felt is peculiar to wool and related animal fibers 
The degree, however, to which animal fibers will felt depends on their 
nature, quahty, and physical and chemical structure XbfiJelting-pr-op- 
er^s are^more^.pronounced i p ^ the fi nc-jnen no wools^ than-m^the 
cr^J)^S« 9 rJn,the,coarsej,long;jy;qols_The fibers pJLthe^oat^and^the 
ca mel, fam ihes. .sudit-as ‘mohair ^at^'ramprsjh air. h ave-a^Iw^elting 
ab ility due to .th eir mudi^smootlT^^scale-structure"" 

GSflEonTn^n staple fibers, protein fibers, and synthetic fibers are 
nonfeltmg in character Therefore, when a cloth is a mixture or com- 
bination of wool and nonfeltmg fibers, such as staple rayon, the 
finishing treatments have to be of such a nature that the natural prop- 
erties of each are preserved and exploited to the best advantage Not 
only does each fiber type and subtype differ in its felting and its 
shrinking abilities but also in its behavior toward the numerous chemi- 
cals employed in the wet-finishing and dyeing processes These facts 
impose upon the wool and worsted finisher, if the best results are to 
be obtained, the necessity of considering the character of each material 
with which he is dealing 
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^ Yom type Wool is spun into woolen and worsted ^arns which 
are dissimilar in formation The handle and appearance they produce 
•n the finished cloth arc markedly dififerent. /Vji\QolaL.fah ric will fe lt 
mprgje adily and to a prc aterjdcgrce^than iuiunilar. w orstcd-fabrl^’as 
tnc hbers of the “woolen yarns, due to their crosswise relationship, 
end CMily to become further entangled with each other In a worsted- 
yarn fabric the fibers he almost i>ar.illcl to one another throughout 
e whole length of the yarn and, therefore, ha\c not the opportunity 
to felt so readily. 

a jarn also have a 
properly, as well as on the surface 
Si®*' handle oniK finished cloth, 'llic fibers of a^ofl 

H$J:arnreac^^ of-a 

in^ ii; y!!^ , Consequently the appearance imparted b^' finish- 

is crepes, winch arc made from hard-twisted yarns, 

thecamn"^ i*^°**3 flannel, composed of soft, tw'istcd yarns of 

me on twills the direction of the twist has a definite bear- 

Twi of the twill line m the finished state, 

natural difference in the felting properties of yarns in the 

cal condition even when spun from identi- 

subiected fn « "® cu”* composed of dyed fibers has already been 
or yarn shrinkage while being dyed m the stock, top, 

that IS to bo necessary, when making a picce-d 3 'ed cloth 

O'- on': composed of solid colored 

to a lareTLl?/^!" or structure of the cloth controls, 

ture yarns ’"duence of the finishing processes The struc- 

thefilhne anrt weave, the yarn count of the warp and 

greatly influenr<> onds and picks per inch These factors 

pass fro re tn fl® ®"d lengths of fabrics as they 

tracting and shrmi.^”*®^®^ ® ^reat diversity in the con- 

S Mideiir properties of weaves 
'^toth Width of ^^^‘■‘ation of contraction from reed to gray 

the same warn nnri «it different weaves, using 

the gray to thp oo * jS yarns The additional width shrinkage from 

^contractions and S^**®!** ® ^ to 10 per cent Similar 

changing the vam are caused by using the same weave but 

^ y count of the filling and the number of picks per inch 

change m cVaractAf general, all 'classes of woven fabrics 

handle, weight, thickness, strength, and elasticity 

me of woven fabnes (1929) Longmans 
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WET FINISHING OPERATIONS 

F inishing relates to all those processes to which woolen and 
worsted goods are subjected after they leave the loom Md 
before they are presented for sale. The primary object of finish- 
ing IS to enhance the quality of the cloth, imparting to the woven 
fabric a specific appearance and handle m order to render it attractive 
to the purchaser. 


Four Factors to be Considered 

Finishing processes are extremely varied The number of opera- 
tions and the degree of treatment depend on the following factors 

1 The type and quality of the raw wool used to make the fabric 

2 The tjrpe of yarns used m the fabric 

3 The design or structure of the fabric 

4 The specified surface character and handle to which the finished 
fabric must adhere. 

1 Type and qnahty of the raw wool The type and quality of the 
raw wool influences the felting and shrinking properties of the fabric 
during the finishing operations 

The ability to felt is peculiar to wool and related animal fibers 
The degree, however, to which animal fibers will felt depends on their 
nature, quahty, and physical and chemical structure The*felting'^r-op- 
e rtaes are^ore^pronounce d in -the , fineunerino, wools...than-’inwthe 
crqS§li£ edjqr ^inrthe_coarse.dong wools _ The fibers o^Jhe^oat,andJhe 
c amel, iami he5...5udi.-as ‘mofiair ’^<L catUelU Jiair, Jhaye..a.3^^ 
ab ility due to their mu dusmoother-scale-str4icture7 

C5Efon,“rayon staple fibers, protein fibers, and synthetic fibers are 
nonfelting in character Therefore, when a cloth is a mixture or com- 
bination of wool and nonfelting fibers, such as staple rayon, the 
finishing treatments have to be of such a nature that the natural prop- 
erties of each are preserved and exploited to the best advantage Not 
only does each fiber type and subtype differ in its felting and its 
shrinking abilities but also m its behavior toward the numerous chemi- 
cals employed in the wet-finishing and dyeing processes These facts 
impose upon the wool and worsted finisher, if the best results are to 
be obtained, the necessity of considering the character of each material 
with which he is dealing 
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2 Yarn type Wool is spun itito woolen and worsted jams which 
arc dissimilar in formation The handle and appearance thej' produce 
in tlic finished cloth arc markedly different AjivooIcii-fab ric .mil fe lt 
t^rcjcc adily and to a gu calciulegree tlian JusimiIar..worstcdTabnc, as 
-'flfeniibcrs oi the woolen jams, due lo their crosswise relationship, 
tend easily to become further entangled with cacli other. In a worsted- 
jarn fabric the fibers he almost parallel to one another throughout 
the whole length of the jam and, therefore, have not the opportunitj 
lo felt so readily. 

Thejajxiount 3ndThE*directioiv.of-twjst.prcscnLjn.a.jarn~also have a 
definijixinfliiencc om-the'-fclting propertj', as well as on the surface 
charaeter and~tfic handle ortliC''finislied clotli. Tlu ^ fibers ofjajsoft 
twi sted yam react in an c ntirelvudiffcrcnt- way -froniDac^fibers-of *a 
h ard^wiste dl\tarti. ~ Consequently the appearance imparted by finish- 
ing to fabrics such as crepes, which are made from hard-twisted yams, 
is different from that of flannel, composed of soft, tw'istcd yarns of 
the same material In twills the direction of the twist has a definite bear- 
ing on the clearness of the twill line in the finished state 
There is quite a difference in the felting properties of j^arns in the 
natural or undyed and the dyed condition even when spun from identi- 
cal material The yam composed of dyed fibers has already been 
subjected to some fiber shrinkage while being dyed in the stock, top, 
state, thus it is necessary, when making a piece-dj'ed cloth 
that is to be equal to a mixture, or one composed of solid colored 
yams, to make suitable allowances 


<3 Fabric structure The design or structure of the cloth controls, 
to a large extent, the influence of the finishing processes The struc- 
ysries according to the weave, the yarn count of the warp and 
the filling, and the number of ends and picks per inch These factors 
greatly influence the varying widths and lengths of fabrics as they 
pass from loom to finished cloth There is great diversity m the con- 
and shrinking properties of weaves 
E Midgley' reported a variation of contraction from reed to gray 
cloth width of from 4 to 12 per cent for nine different weaves, using 
the same warp and filling yarns The additional width shrinkage from 
the gray to the scoured doth varied from 3 to 10 per cent Similar 
^ntractions and shrinkages are caused by using the same weave but 
anging the yarn count of the filling and the number of picks per inch 


4. Character and handle In general, all classes of woven fabrics 
___uge m character, handle, weight, thickness, strength, and elasticity 

'Finishing of •woven fabrics (1929) Longmans 
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during the finishing processes The wool fabrics as they come from 
the loom in the raw or gray condition have a dull, lifeless appearance 
and a loose thready structure whidi may be easily unraveled When 
a woolen fabric is subjected to the fulling and raising operation, the 
thready appearance totally disappears, being altered to resemble a 
felt with a nap of fibers drawn from the body of the clotli Conse- 
quently, finished kerseys, doeskins, and fleece fabrics have very little 
resemblance to the respective fabrics as they left the looms 
The finishing of worsted fabrics generally does not result in the 
distinctive change produced by finishing most woolen fabrics, for the 
character of the worsted weave or effect is not only maintained but 
further enhanced, in serges and gabardines, for example Fancy- 
colored worsted suitings in their finished state and in the gray are 
very similar but it is not difficult to distinguish the unfinished from the 
finished fabric The latter has a very slick, soft handle and a smart 
appearance which is brought about by careful scouring and pressing 
and removal of the fiber fuzz from the surface by singeing and 
shearing. 


Types of Finishes 

The types of finishes applied to woolen and worsted fabrics aie 
almost innumerable For general classification the various types of 
fimshes may be subdivided into tliree mams groups (1) clear finish, 
(2) face finish, and (3) modifications of the clear or the face finish 

1 Clear finish The mam characteristic of a clear-finished fabric 
IS Its dear, even, and threadbare surface The weave and the colors 
are prominently developed and distinct The clear-fimshed goods re- 
ceive either no fulling at all or only sufficient to produce the necessary 
firmness and handle Most worsted fabrics fall into this class, 

2. Ea ce.^finish T he mam characteristic of the faces finished jabnc 
IS that it-l^s a nap^ pr pilej of fib^-onthe surfa ce The weave does 
not show ab^ll^ or is indisfincCand me-^olbrs are subdued and 
softened These effects are brought about by fulling and raising In 
some instances, for example, velours, the pile stands erect from the 
fabric, whereas in others, broadcloths and kerseys, the fibers are laid 
flat in one direction and treated to give a lustrous appearance 
full shades are employed, the character of the cloth is very rich The 
face finish is generally applied to woolen fabrics 

3 Modifications of the clear oi the jace finish The finisher cm 
produce a great variety of-finishes in-between the two main'types, oy 
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simple modifications of them Among the worsted fabrics, for example, 
there is the popular unfinished worsted The weave and the color 
designs are more or less subdued because the face of the fabric is not 
shorn clear, it still carries a surface fuzz of loose and straggling 
fibers The handle is soft and flannel-like T )jieam elton,.and. thevcovert- 
ta2£j5msh^f»woolen>f abncs-is ,pi;o,4ufied.%ough heawy,iulhngrending 

The s urla.ce _sh ows aj fibnous 
^^Timce™with«the rweave-noUa5Hmk^l^ldali.tp^aJi,e^t•^ 

Fabrics may even carry both types of finishes an example was the 
22-ounce serge, which was made especially for U S Army uniforms 
worn in Alaska during World War II Th e fa ce^C-tlie ^loth wa s 
clear, whereas^thejbacl^was finished with a velourlijce nap 


Numbering, Perching, Picking, Burling, Mending 

Prior to the finishing and the dyeing processes, woven fabrics are 
subjected to numbering, perching, pidking, burling, and mending All 
doths as they leave the loom contain imperfections to some degree 
The defects generally found in wool cloths may be classified into 
three groups; 

1 Those due to impurities such as burrs, straws, skin pieces, pitch 
stains, and kemps in the raw materials 

2 Those incurred in the spinning processes that show up in the 
woven fabrics as knots, slubs, and thick and thin yarn 

Weaving defects such as missing warp and filling threads, “ends 
mispicks, holes, harness skips, and wrong draws, 
and also oil and graphite stains 

To establish and to correct their imperfections, woven fabrics after 
caving the loom are subj’ected to the following processes 

Nwnhcring In order to identify and to establish a record of each 
piece. It is necessary to stitch or mark it with reference numbers The 
tiiimi Senerally indicate (1) the number of the “cut,” and (2) the 
On tl f f "C style The numbers are usually sewn with cotton thread 
ncvi. front end of each piece For each sample piece of a 

iniT n ^ ”“**’^ered record is kept referring to the particular finish- 
degree of treatment to which each sample has been 
snhi^l fi, record as a reference, the finisher is able to 

ment regular pieces to the same processes and degree of treat- 
icsults sample piece, in this way obtaining identical 

Perchtnp, Perching consists of examining the cloth and mark- 
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mg with colored chalk all imperfections which should be elim- 
mated in the subsequent processes The machine used for inspec- 
tion is known as a perch The modern perch is designed so that the 
operator may give the cloth careful and thorough inspection with a 
minimum of effort The machine, which is power driven, has a 
forward, a reverse, and a variable-speed drive The machine is con- 
trolled either by a small switch that the operator holds in his hand, 
or by a foot switch, either of which can start or stop the doth in- 
stantly The doth passes before the operator at full width and free 
of wrinkles Inspection is made in two ways* (1) the goods between 
the light and the inspector examining against the light , (2) inspecting 
the surface of the goods onljr, with the light on the goods 

The measuring and the weighing of the cloth may be combined with 
perching In such cases the perch is fitted with a yardage counter 
and the delivery of the cloth is so arranged that it drops from the 
folder onto the platform of a Toledo scale, the beam of which hangs 
between the frame of the perch (Fig 1) 



Fig 1 Power weave room perch {Cowtesy Birch Bt others, Iw ) 

Picking This process consists of extracting from the face of the 
cloth all extraneous matter such as neps, slubs, burrs, 
straws In some mills this process is referred to as specking (I'Jff ' 
The removal of these substances is generally done by hand, out i 
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(Fig 2 Worsted and woolen despecker — twelve contacts 
(.Courtesy Parks Sr IVoolson Machine Co ) 

a high nep count, it is economical to run the cloth 
o«gn a sanding or a dcspecking machine first 
thf l!i In this process the back of the cloth is first examined b}' 
wii-Tv !i snarls, slubs, straws, etc, are removed The thick 
the filling threads are drawn out and replaced, and 

cloth „ ^ Afterwards, the burler examines the face of the 

to ihA 1 , irregularities as remain (loose ends and curls) 

of<Icr tliat the face of the cloth ma> be as free as 
ic of irregularities and imperfections 
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Usually burling is carried out on a table with a sloping top and a 
smooth surface which allows an}' thick places or knots to be easih 
detected when the hands are passed over the cloth Warp threads must 
not be cut below the knot The knot should be opened to allow the 
two ends of yarn to hang together, thus avoiding a small hole whicli 
would be created if the tw’o ends of yarn were apart This w’ork is 
done w’lth the aid of burling irons and scissors 

Mending This word is used to describe the insertion of yam m 
the w'oven fabric w'here any warp or filling threads are missing E\er) 
missing thread must be carefully hand woven into the piece in exactly 
the same manner as if it had been machine wo^en Knowdedge of 
weave construction, therefore, is very' important The faulty places 
are repaired bj sewing in new' lengths of yam w ith ajieedle, beginning 
and finishing at the back of the clDtirso‘'t:hat the loose ends of tlie 
thread can be'cut oft. TTiis ?5orrecti\ e w'ork is absolutely necessary on 
clear finished fabrics However^ on hea vy fabrics and on ^brics to 
be Jullecb ^sm allpr imnpriprrions3iavi:bOeS~!^ an d thev-W ill be in- 
visible.jn-^Sie^nish^C4SG^ This work is very (ielicate and time- 
consuming, w’hich makes it expensive It is performed entirely by 
women In some cases it becomes necessary' to return the goods after 
scounng for additional mending of places that escaped inspection m 
the gray. MissingJhreads^e^lw ^s me nded, in high-pnc^»^uality 

gnodi;^ 


WET-FINISHING OPERATIONS 

The goods are now ready' for the finishing processes and are sub- 
jected to a definite routine of operations selected to produce the desired 
finish or diaracter of the goods The follow mg procedures for finishing 
w'oolen and worsted goods are given in the general order in which 
they occur but not necessarily' in the definite sequence, since the 
procedure varies according to the desired result 

The operations in wet finishing are dry cleaning, singeing, crab- 
bing, piece scounng, fulling, carbonizing, scutching, beaming, wet 
decatmg, blowing and raising 


Dry Cleaning 

The successful application of dry cleaning to w oolen and w orsted 
fabrics IS a recent development The process, also known as the Derby 
process, w’as introduced in 1939. Because installation is quite ^pen- 
sive, however, only a few mills have made it. The diagram (Fiff 
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illustrates the method used The cloth enters the totally enclosed ma- 
chine through a seal into a soaking compartment containing about 100 
gallons of trichlorethylene solvent The cloth travels in its full width 
over and under rollers, with the lower roller immersed m the tnchlore- 
thylene The cloth then passes between a pair of draw rollers, that 
keep it under tension as it is drawn over a vacuum slot and passed 
through a second pair of draw rollers, which are synchronized with 
the first Through a seal it then enters a drying compartment and 
runs over five dry cans The clean, solvent-free cloth leaves the drying 
section through a seal and between a pair of draw rollers at the top 





To rntm — 


Com^rfm^nr 


Vacuum* 

CKtroetor 

CdffipartmCRt 


Prying CBmpartiinnl 


Tig 3 Continuous dry cleaner (Courtesy 7 he Derby Co ) 

^ storage tank abo\e the machine, clean solvent is fed auto- 
aiitally into the last section of the soaking compartment The sol- 
ent then flow s counter-current to the direction of the cloth until it 
rat'll ^ first section of the compartment The solvent, now satu- 
"‘“^ spinning oils and other impurities from the cloth, o\erflows 
dis?lf w'herc it is reco\ered continuously by ordinary steam 
_ ’ ? The solvent vapors, mainly from the drying compartment, 
^ Condenser and then through a separating chamber for 
the cHl collected The sohents from 

fruni from the condenser and are collected in a sump tank 

of pumped back into the storage tank at the ton 

Of the machine, where thc> arc ready for reuse ^ 
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Singeing 

Singeing consists of burning off the free, projecting fibers from 
the surface of the cloth, leaving it perfectly smooth and bare It is 
applied only to fabrics to be clear finished There are two methods 
for removing this fuzz from fabrics, gas-flame singeing and plate 
singdng. 

Gas-flame singeing (Fig 4) is the most common method used in 
the United States It is performed by passing the cloth in full width 
at a rapid speed over open gas flames The machines are built to 
provide singeing oih one or both sides of the cloth in one run 

Plate singeing is done by passing the flat goods over gas — or oil- 
heated oval plates and is usually used on face-finished goods It pro- 
duces a clear and highly lustrous surface on all kinds of linings, par- 
ticularly those of mohair, or mohair and cotton used in men’s and 
ladies’ suitings, as well as men’s coatings 



Crabbing 

The ob4€Ct'bf"Crab bing -Q r-~settmg is to fix permanently the, warp 
and the,£lht!g ~threads_in^ j;eguIar^annexJx^tli^removaLp^h<^ 
irreg ular hid den^^trm^, thus pxfi-ventmg--ttie>for-mati on of^ cockLe s, 
cnmpsr creases oi uaTtier'^ forms of uneve n shrinka ge rnl a SM' jst^ es 
of fini shings ^ ' 
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The method of crabbmg and the degree of treatment to which the 
\\orsted fabric is subjected, depend on the quality of the fibers, 
the twist of the yarns, and the cloth construction. Special precautions 
have to be taken with fancy-colored worsteds, because of the risk of 
bleeding of the colors English crabbing and continuous crabbing are 
the two methods used 

English aabbmg The goods arc passed in full width through boil- 
ing water onto a roller with or without top-roller pressure The ma- 
chine may be used in one unit or m series of three or four units 
Working in series has the advantage that both ends of the pieces 
receive equal treatment Through the transferring of the piece from 
one machine to the next, the top end of the first machine will be the 
bottom end of the second machine, thereby preventing shadiness (end 
to end) m the succeeding dyeing process In a three-senes crab, the 
first two units operate with boiling water for five to ten minutes , the 
last unit employs cold water to complete the setting of the fabric, with 



5 English crabbing machine with folder arms and rear water tank 
(Courtesy David Gessner Co ) 
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either slow or rapid cooling as desired A unit of an English crab- 
bing machine is show n in Fig 5 

Conhmious crabbing In this method the cloth passes m full width 
through a series of tanks, as shown in Fig 6, for instance Each tank 
is equipped with immersion rolls, steam piping, cross spraymg, and 
overflow and at the end is a pair of squeeze rollers The pressure is 
applied by means of air cylinders Before each nip there is a pair of 
spirally fluted, opening rollers for the removal of wrinkles and double 
selvages A spray pipe for rinsing is also set ahead of each nip This 
type of machine is used not only for the crabbing of worsteds but it 
also has been found suitable for wool-rayon blends, where the goods 
are to be set, scoured, and rinsed in preparation for dyeing 



Fig 6 Sc\en-tank continuous crabbing machine 
{Courtesy Birch Brothers, Inc ) 


Piece Scouring 

Piece scouring is necessary to remove the oil or emulsion with 
which the W’ool w’as treated in spinning, the sizing applied to the 
warp before weaving, and any other foreign matter, such as oil spots 
and dirt, which the yarns and fabrics have acquired during manu- 
facturing operations 

In woolen goods these impurities may be from 15 to 20 per cent of 
the raw weight of the clotli In. qualities containing much reworked 
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wool, the loss, due largely to the grade and the amount of oil applied, 
may amount to as much as 30 per cent In worsted fabrics, where 
less spinning oil is used than on woolens, the loss of weight is 
between 5 and 10 per cent Occasionally, before scouring goods con- 
taining pitch or tar stains, it is necessary to run the goods through a 
depitching solution to loosen up the stains 

Water for scotmng The type of water used in scouring piece goods 
IS just as important as in wool scouring A soft water, with hardness 
of less than 5 grains per gallon, should be available to avoid the 
formation of insoluble calcium and magnesium soaps on the sur- 
face of the goods, which would cause serious trouble in piece dyeing 
Even with such soft water, the use of products such as sodium 
hesam ctaphosphat e-and^gdiu m^t etrametaphos phate j ias been found 
advantageous, especially in the high-speed washers Th ese . water— 
softeners-a re ^enerall^used in the final rinse to remove the last trac es 

^ircomngr agents The scouring agents used are the same as for 
scouring loose wool, namely, soap and weak alkalies such as soda and 
ammonia JtJs-aiuemulsifiGation..an(i.sRpomfication^pi;ocess^combined. 
mth mech^ icaLaction The amounts of chemicals are adjusted in 
accordance with the impurities present and are generally used in dilute 
solution For fine worsteds 2 to 4 gallons of a 5 per cent soap solution 
per piece will be sufficient, whereas for heavy woolen coatings 5 to 9 
gallons of soap per piece and a soda solution to 3 degrees Be are 
required 

In addition, many synthetic detergents such as sodium allqrlaryl 
sulfonate, lauryl sulfate, sodium oleyl sulfate, polyether alcohol con- 
densates, and sulfonated fatty acid amide derivatives, whose ac- 
tions are unaffected by hard water, are of special value in scouring 
goods when felting is to be avoided and also in scouring yarn-dyed 
goods of delicate shades A further advantage of synthetic detergents 
for scouring is that, because of their nonalkdinity, the harmful effects 
of alkali on both fibers and certain dyes can be avoided These prod- 
ucts have good cleansing action in a neutral or even acid bath Fur- 
thermore, they can be rinsed more quickly and easily than any com- 
mon soap If des u:ed,,.the,^detergent.action-ol4hes&>compounds,.can 
be-impr<)v<SGbOurtherJby.Jhe,additionjDf_sod ium trjpol^hosphate . 

ra-sod mm jiy rophosph^.^or ti^r sodmmL..phosphate 

Scouring is done in tKree'dTfferent types of machines, the string 
"■^shcr, the broad washer and the cylinder washer. 

StHug wnshcr The most common is the string washer, also known 
as the rope or the dolly washer, in w'hich the doth is sew’cd into an 
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endkss string or rope which passes between two rollers (wood, 

or similar alloy) as illustrated in Fig 7 
handled side by side in one machine Ac- 
iurtif'k ° the weight and structure of the cloth (heavy, medium, or 
rollers are used respectively Each string is kept in its 
guide rings or sticks to avoid entanglement with adjacent 
S ^ squeeze roller and the bottom roller 

1 ^ Tho^stnngs are then allowed to float in the 

the bottom of the washer, till they are re- 
turned to the rollers in their continuous passage 

The running tune 
for different goods 
varies according to 
the wgightirom. one»j 
sjaJpunJiours The 
temperature of the 
scour-bath is kept at 
about 100 degrees 
F (blood tempera- 
ture) during this 
first phase of scour- 
ing to speed emulsi- 
fication and saponi- 
fication of the oils, 
which take from ten 
minutes to one 
hour and are char- 
acterized by the for- 
mation of lofty soap 
suds 

, In order to re- 
move the emulsified 
oil, rinsing is neces- 
sary This IS done 
by dropping the 
scouring liquor and 
opening the warm 

tinlil 1 . tL., water \alves slowly 

** flushed away RipwngTnmrreqiurc 

cold ® rinsed away with large amounts of 



Squecie rolls 
S 5, "aler inlet 

^ -—Wooden euidss 
O — Guide bar 


Diagram of a stnng washer 


E — Overflow pipe, 
r — Suds box 
G— Foider 

U — Sodi snppU tanV 


competed of SIX jnlcjrnj.ntctcf! Ikiv 1*. 
JJ'-nnthecointcr-corrc.si pri'jrjplc *1^ 
ojicK and forward ir.n; r;nf nt of the 
cloth, winch cfTrcit tlie hc^t rinsmp 
'\ith the fjccucsi economy in the ti'-c 
of hot water, is the feature of this ‘•cc- 
tion In the final section, the cloth rc- 
® cold-water rinse. 

The machine is .apjiroMinatily 110 
ect long, including a soaper For a 
ull load, 600 yards of cloth art needed 
1 he manufacturer chims that .30 to 3S 
yards can be put through per miiiiitc 
out actually most of the wor^tcd ni.lls 
fun from 45 to 55 jards per minute 
le machine is so fhisigncd with auto- 
, ‘^O'^trols and stops that it can 
3S1 y be run by three men one on the 


{CcurUi^ litjQS 6r Lou.burd ) 
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feeding line, one on the delivery end and one man for supervision 
At a speed of 40 yards, the total scouring time for a 60-yard cut 
IS approximately twenty minutes Because of this short washing 
period, the soap used must be readily soluble and easily rinsed Low- 
titer soaps are of special merit for this purpose The concentra- 
tion of the soap solution used in the soaper for the average run of 
woolen and worsted goods, 8 to 16 ounces per linear yard, is about 
3 per cent soap (dry basis) fortified with 2 per cent soda ash 
A similar machine built by another manufacturer consists of six 
to nine dolly ^\ashers arranged in a train as in the continuous cloth 
washer just described with the exception that the individual bowls are 
interconnected by a pipe rather than joined together One mill 
using such a madiine reported that it handled 450 pieces per day in 
two shifts using only four men per shift one for the sewing, two on 

the washer, and 
one on the 
scutcher Com- 
pared with the 
older dolly wash- 
er, the machine 
showed a labor 
saving of 50 per 
cent and consid- 
erable savings in 
water, steam 
power and chem- 
icals 

Fig 9 Diagram 
of a 

broad waslier. 

A — Saueeze rolls 
B — Soda and water inlet 
C — Centering rolls 
D — Guide bar 
E — Overflow pipe 
r — Suds box 
G — Folder 

H — Soda measuring tank 

As in raw wool scouring, eadi bowl of the wash section must be 
charged with sufficient scouring agent at the start to attain a dean 
piece of cloth right from the beginning, 

liroad xiashci Certain fabrics that are liable to crease in the dolly 
w’asher must be washed in the full width in a broad washer (Fig 9) 
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This applies especially to light dress fabrics and dear-finished worsteds. 
The cloth is run m full width over a scries of guide rollers and be- 
tween a pair of small, hard rubber squeeze rolls,^ which can be 
adjusted for various pressures In such machines six to eight pieces 
are sewed together into an endless band and run from one to four 
hours, following the same procedure as m the dolly washer. 

Cylinder washer Very fine crepes and lightweight dress fabrics 
have been scoured to good advantage in laundry wheels The indi- 
vidual pieces are put in bulk into each compartment, of which there 
are three to a machine The perforated cylinder, enclosed in a 
hood, tumbles the pieces as it osallates back and forth, performing 
the necessary mechanical action Total scouring time is from one 
to two hours This type of scouring produces a much better crepe than 
IS possible in a string or a broad washer 


Fulhng or Milling 

The process of fulhng or milling is peculiar to the woolen indus- 
try because of the characteristic felting quality of wool and certain 
hair fibers The theoretical background of fulling was discussed in 
the chapter on the physical properties of wool 'piiee»-factors™aTe^ 
involved in .fulling m oisture ,,. fnctic >n,-»aTiri _J3P-a±. Moisture, the 
most important factor, causes tBe^ool fiber to increase in elas- 
ticity and capacity for elongation Under the influence of friction 
or pressure the wool fiber is forced to travel in the direction of its 
root (on account of scale formation) until it strikes against adjacent 
fibers and becomes entangled with them, resulting in a compact 
matting or felting. The heat produced by the constant friction of 
the pressure rollers and the trap assists greatly in the movement of 
fibers among themselves and increases their plasticity, which speed 
up the process The best fulling temperatu.re_is between 90 and 100 
degrees^ ............ 

jSToisture is provided in the form of a soap or acid solution When 
soap is used, the pieces are soaped in preparation for fulling by run- 
ning them through a machine designed for this purpose It consists 
of a soap box with a rubber roller wringer that distributes the soap 
and removes any excess The concentration of the soap solution, i e , 
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the amount of soap used, depends upon the felting^ quahtj of the 
wool and the shrinkage desired. For slight felting a 5 per cent soap 
solution (70 per cent strength) is sufficient, whereas for heavy uni- 
form goods a 10 per cent soap solution (70 per cent) is required. 
1 he alkalinity of the soap depends upon whether the cloth is scouted 
or unscoured When in a scoured condition a neutral soap is used, 
l-'or gray goods, an alkaline soap containing approximately to 1 
per cent ol so la, nhich will aid the saponification of the oil, is preferred 
Tbej nain pu rp.os&.oUhe.soap..is to reduce the. .friction^of.tbe^piece 
in the mill .iiifUto.Kpi-event the foimation of floclvS^,iinjl.-,of.>iulhng 
<;tical{i or uneveii .places Care musC^bev taken that n o excess oj. 
soap IS present because of the possibility of the goods slipping, whicn 
wquy „reducejLlie fiber- .movement 


To prevent bleeding of colors, %veak acid solutions are preferred 
as milling agents for fabrics such as felts and white woolen blankets 
w'llh colored borders The quantil y-Jif aci d_use_d yaiaes.-£rom..2^to-.i4^ 
^.cent, on^he tp7bejulled The fulling 

time may jgijy-JrDUjJiyiLjnmptes J;(3usixJiQiua,-depgi^^ 
amount .jo-f--feltLng whiGlLJi s_.desire d. 

There are two kinds of 


fulling machines or mills f 
the stock or hammer fulling . 
mill and lotarv fulling 
mill 

Stock or Iiainiiie) fulling i 
luill Into this machine 
(Fig 10) the piece is put t 
in bulk and two stocks or . 
hammers w^ork on or pound ' 
the cloth Through this ac- < 
tion the threads, of the j 
cloth are moved a'-’out and 
the fibers begin to felt The 
amount of shrinkage of the " 
cloth depends upon the 
time this action is contin- 


ued The_shHn kage o r 
fe lting takes pjac &jii lengt h 
an d width at the ...-same 
tune the re are no means 



Fig 10 Stock or hammer fulling mill 
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to control separately tlie shiinkage in width and length The ma- 
clnneS^are-'lrailt'' ni"di-ffcrcnT'si/esr^and”fronr‘onc‘'t6' four pieces 
can be milled at the same time, depending upon the weight of the 
goods Stock fulling mills are preferred for woolen and worsted 
fabrics when a certain crepe or sporty effect is to be developed and 
a small amount of felting is required, and jh ey^arc jiised extensively 
on shoe and hea -YyJelts. ~ 

Rotary jxilhng imll In this machine pieces travel m rope form in a 
manner similar to that found m a string washer Two or more heavy 



A — Compound weighting^ 
B— Crimping box or trap 
C— Main rolls 
D— Outboard deli\ery roll 


E — Adjusting nut for tension 
r— Tension whip roll 
G~-Diamond eye tension 
H^Stopmotion 


Fig 11 Diagram of a rotary fulling mill 
Specially prepared by the James Hunter Machine Co 
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rollers, with considerable pressure on the top roller, pull the cloth 
through the machine Until recently these fulling rollers were made 
of hard wooden blocks on an iron cylinder, but now rubber and 
fiber composition rollers aie used for this purpose The latter have 
proved vcrj' successful because they require less turning down than 
wooden rollers and last longer From the rollers the goods enter a 
wooden ci imping box (also called a trap), into which they are 
crammed temporarily by a weighted lid or cover as illustrated in 
Fig 11 This compression of the goods acts on the warp of the cloth 
and causes the piece to shrink in length From the crimping box the 
goods slide down an incline into the bottom of tlie trough from where 
it is lifted and passed through a knockmg-olT device or stop motion 
The stop motion serves to stop the machine when an entanglement 
occurs and at the same time aids in keeping the individual strings 
apart The cloth now passes over a guide roller into throats These 
throats may consist of tno adjustable side rollers or the adjustable 
diamond eye guide (Fig 12) The diamond eye guide is used to 



Fig 12 Adjustable diamond eye guide 
{Courtesy James Hunter Macltme Co ) 

assist the felting in the direction of the fillup From here the goods 
pass into the mam fulling rollers, completing the cycle of continuous 
operation 

The pressure given to the top rollers and its proper control is an 
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important factor m good fulling Up to recent years, pressure was 
provided through weights and springs, but a late development is 
the application of hydraulic pressure (Fig 13) This device assists 
greatly in definite control of pressure and ease of operation 
Modem fulling machines are equipped with roller bearings through- 
out, so adjustments for throats and top roller tensions can be made 
during operation 



Fig 13 Hydraulic pressure control for top roller 
(Courtesy James Hunter Machine Co ) 


In the last few years, more and more machine builders have begun 
to build fulling machines entirely of stainless steel A new design 
(Fig 14) has basic changes m the construction of the tub tlmt enable 
the top part of the machine to be dismantled within a few minutes 
and the top and bottom rollers to be easily removed Valuable, 
also, IS the additional feature that this machine is supplied with 
pressure gauges to indicate the pressure not only of the top roller 
but also of the trap and the adjustable front guides 

Continuous rotary julhng mill In the fall of 1946 the development 
0 * the first continuous fulling mill was announced The machine, 
which IS illustrated in Fig 15, is a combination of two rotary fulling 
mills facing each other, but built within one housing Essentially, the 
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new mill consists of two sets of rollers running continuously in op- 
posite directions The top rollers are mounted on a walking beam 
and tlie pressure is applied to them by means of pneumatic cylinders 
This method of mounting the top rollers eliminates the necessity of 
reversing the rollers because the cloth will travel only in the direction 
imparted at the point where the two rollers are brought together; this 
mounting also allows the cloth to re^erse after having been packed 
into the crimping box The action on the cloth is exactly the same as 
in a regular rotarj fulling mill The operation of the fulling mill is 
as follows 



Fig 14 Stainless-steel fulling mill 
{Courtesy Rodney Hunt Machine Co ) 

of 15 to 20 yards is kept in the machine, with one end 
m the scray at the delivery end and the other passing through 
squeeze rollers A (Fig 15) The first piece of cloth is sewed mto 
the leader at the feed end and with rollers C together, a full cut of 




Wet Finishing Operations 


825 



Fir is Continuous fulling null (Cowtesy James Hunter Machine Co) 


cloth, for example, 60 yards long, is pulled into the scray at the 
uelivery end of the machine through squeeze rollers A and fulline 
mill rdlers C Succeeding cuts are sewed onto the end of the first 
one The cloth is fed through a pot eye E, which is capable of moving 
up and down m guides This eye is so constructed that, as it is 
raised, it operates a solenoid valve which brings rollers B together 
and sets in motion an automatic timer This timer determines the 
length of back travel on the cloth 

After the cloth is completely m the scray at the delivery end. and 
the pot eye E is at the bottom of tlie fulling mill, the clutch is thrown 
, ’ iwuTiediately raises the pot eye and reverses the setting of 

The pot eye E then drops 
‘-11 ®^tomatic timer controlling the reverse is set in motion This 
in,'? ‘^®i ™n back for the length of the first cut which 

f ^ minute As soon as the cloth is com- 
nnc^mnhr reverses the solenoid valve controlling the 

f H cylinders and resets itself, then rollers C come together 

1,1 die the 60 jards S are 

•^rnalT machine, plus ishatevcr has been fed in by the 

.mall rollers A As soon as all the cloth is out of the feed^end 
o die machine, the pot eje E ,s raised. Mhich again rmSses the 
direction of the rollers and brings rollers B togetl^r and rollerc 
rT'”*’"" «« cjclc The trope ere actu “ef 
matic c\hndcrs as <;hoi\n in Fig 15 and as the "rollers nci* fu' 
tongues of the trais .also are raifed A dehvery roller 
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!> tdkia ca'e of the cloth at the delivery end of the machine, this 
''v)’’or luns at approximately the speed of rollers A, depending upon 
shrinkage of the goods 

1 he production possibilities of the continuous fulling machine de- 
pend upon the number of strings and the fulling time For example, 
a iour-string mill with the cuts 60 yards long, with thirty minutes 
fulling time, will pioduce 2 yards per minute on each string or 8 yards 
OP the four strings, in one hour, that is 480 yards or eight cuts, or 
in 8 hours, sixty-four pieces 

The advantages to be gained by the use of the continuous rotary 
fulling mill in preference to the conventional rotary fulling mill are 

1 More uniform fulling and the elimination of the human factor 

2 Increased production, because there is no loading and un- 
loading time for each set of goods 

3 Fewer chances of mill wrinkles forming 'in the cloth, because 
the cloth is reversed and its position under the rollers changed each 
time it IS reversed, which accomplishes the same purpose as taking 
the pieces out and turning them around by hand as in an ordinar}' 
fulling mill 

4 No chance of tangling in the mill, because the cloth is always 
being pulled off the pile at each end rather than fiom the bottom of 
the pile as in an ordinary fulling mill 

5 Uniformity of fulling on different pieces, whatever the length 
of the cut In an ordinary mill, if the pieces are not matched up fairly 
well for length, the longest one receives the least fulling, and it is 
sometimes necessary to take out the shorter pieces and leave in the 
longer ones 

Tacktnq In prepaiation for fulling the cloth is generally tacked 
the goods are doubled over, face in, and the two selvages sewed 
together by hand or, more commonly, by machine The purpose of 
lackmg IS to prevent chafing of the face and to permit ballooning 
01 the goods, in this wa}' preventing fulling wrinkles and streaks 
In cheaper grades of goods, tacking is resorted to for flocking, which 

th^goods^'"^ purpose of adding weight to 

Soafnnq The bulk of goods is run through a soaping machine in 
open ^Mdth or string form By this method the soap is uniformly 
nstributed and its amount controlled Various types of soaps arc 
used, such as tallow and palm oil soaps, the high-titcr soaps -pre- 
erred in New England mills It has been proven that low-titer 
aps, such as olive and oleic acid soaps, arc just as suitable and have 
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the added advantage of good nnsability They are bought in solid 
or flake form of 70 or 97 per cent actual soap content Additional 
soap may be added as needed during the fulling to keep the pieces 
properly lubricated 

The fulling mills can be loaded with goods by one of two methods, 
single draft or double draft The former consists of running a piece 
through the fulling roller single strand, whereas in the latter the piece 
IS doubled or run double strand ‘Single draft is used in qualities where 
the shrinkage takes place unevenly in \\ idth and length In other words, 
when length shrinkage is desired the width shrinkage is retarded by 
providing less resistance in the throats or eye guide Double draft is 
used when a quick felting action in length as well as in width is wanted 
The^gmounb-of shnnkage given-by- fulling may*vary from a-few-per cent 
to as h igh as_3Q per cent in length and 15 to 35 per cent in_width 
Fulling shrinkage is controlfed by stopping the machine at intervals 
and measuring width and length by hand or special measuring devices 
The following example illustrates fulling shrinkage 


Army Cloth 


Width 

Length 


Before Aft^r Percent 

fulling fulling shrinkage 

80 in 56 in 30 

SO yd 38 yds 24 


After fulling, the pieces containing the soap and other fulling agents 
are subjected to a washing process similar to that described under 
piece scouring ^ g^c^LJ [^lbnf:,-thp.Jml oval of the ao djsjaccom pl ishjid 
b^ .ngutra lizing vTjtKSn-alkali-andjhorDughly ansing^wath_jyater ~ 
A§_tha„fulhnp:.jimccss,j g- essen tially a shripkmg^pjpcess, and is 
gmpl qyed ^^ regulate. the_3v eight, o.^the Jfa^c^^the necessa Jiv calcu la- 
tionsjtnusL.be-made4ieforc^ulling The weight of the goods will be 
materially lessened after the oil, as w’ell as other foreign matter ad- 
hering to the fibers, is removed In addition to the wear and tear of 
the fulling process and the later raising and shearing, a further loss 
in weight IS sustained Ther e is considerable variation, among the 
''^rions.fabrics-'in-all jjf^these weiglTCIosses^mjcf^ jiroper 

t.5tmlm^^J^£^le4oss,canJlP-a^tamefl,q}J^y^b>.actual^tria^s"^ The jser- 
centage of loss varies with -the stock or tyiic of raw material used more 
than with anv thing else The ultimate finish which the goods receives 
has a direct bearing on the vv eight loss 

■(XJWCCe,.v\eigliingJ2p,i5jj^ S.li.puldJ)e. fu lled to 20 

®ilIl££2JlSLJ'ilLOD«shcd,,w.eiglU Through scouring and fuilmg^the 
piece will lose 20 per cent, which is equal to one-fifth, or 4 ounces 
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per yard Therefore, with no shrinkage at all, the piece would weigh 
only 16 ounces per yard To make up to this loss, the piece must be 
shrunk one-fifth in width and length This means one-fifth of 1 
yard, or 7 2 inches Therefore, the fuller has to shrink each yard of 
the goods 7 2 inches to obtain a finished weight of 20 ounces per 
yard This means that a 60-yard piece would be shrunk to 48 yards 
For best fulling results it is essential that the contraction in width 
and length proceed simultaneously 

The following defects may be encountered in fulling 

1 Streaks along the edge of the piece, resulting fiom curling selv- 
ages 

2 Too much friction, from allowing the piece to run too dry or 
from excessive roller pressure 

3 Fulling rows or marks, from roping of pieces, one of the greatest 
troubles With some goods, a constant shaking out and reversing of 
the direction of the pieces is necessary 

4 Irxegiilar .strgaks4n th e do th, f rom . settmg the .apiece ^top .^wide 
inJhc-toa 5 „This^o>entaiTs-prolongedJulhng 

'5 Transverse marks at the end of the piece, caused by uneven 
seams 

6 Fulling rows, from the use of very heavy soap, which retards 
the felting 


Carbonizing 

The carbonizing process, the xmderlying principles of which were 
explained m Chapter 9, has for its principal object the destruc- 
tion of vegetable matter by means of acids The acid reduces the 
vegetable matter to carbon, which is removed by mechanical action 
and the excess acid then neutralized There are four steps involved, 
namely, steeping in acid, drying and baking, dusting, and neutralizing 
As already pointed out, a much greater amount of wool is carbon- 
ized m the form of piece goods than m loose form The reasons for 
this are two-fold first, because piece carbonizing is less costly and, 
second, to preserve the full fiber strength through the operations of 
carding and spinning. 

The pieces may come from scouring, fulling, or dyeing, depending 
on the type of the goods. For example, polo cloths, flannels, and 
similar goods should be carbonized before fulling, beca!use the re- 
moval of large burrs from the face of these goods is apt to leave 
marks, and spiral burrs are difficult to dust out, even though they 
may 'be well carbonized Velours and most 'worsted 'fabrics- are suc- 
cessfully carbonized after fulling When carbonizing after dyeing. 
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great care should be taken to 
avoid changing the shade 
Equipment for piece carboniz- 
ing has been primitive until re- 
cent years The steeping was ac- 
complished by running the goods 
in rope form over a winch, simi- •rj 
lar to a piece-dyeing machine The ^ 
pieces had to be opened, hydro- ^ 
extracted, and again sewn end to ^ 
end at full width and passed* " 
through the dryer 5 

Today, the steeping and the e, 
baking processes are accomplished < ^ 

in one continuous operation that § | 

has eliminated many of the trou- S, 5 J** 

hies encountered m the old meth- ^ i 

od The continuous cloth carbon- ^ fcB. 
izing machine generally consists, I” § g g 
in sequence, of a wetting-out tank, ^ 
an acid-soaking tank, a vacuum- ^ p 
or squeeze-roller extractor and a i o-m 
carbonizing dryer The European ^ 
manufacturers of this type of ma- c ^ J, g 

chine prefer the vacuum extrac- « eg 

tor, whereas the American build- R 3 

ers have shown their preference » ” 

for the squeeze-roller extractor S- s 
These two types are illustrated in 3 
Figs 16 and 17 I* 

A new carbonizer uses the | 
squeeze-roller extraction arrange- (S 
nient shown in Fig 17 The use 2 
of squeeze-roller extraction not S 
only eliminates the often trouble- 
some vacuum extractor, with its 
attendant high horse power re- 
•luirements, but it offers advan- 
tages in the carbonizing opera- 
tion Itself. 
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Steeping in actd. Assum- 
ing the goods are dry, a 
number of pieces are first 
sewn together, end to end, 
at full width to make a con- 
tinuous chain that enters the 
wettmg-out tank by means 
of two narrow rubber lead- 
Lj ers, one at each side, which 
S are already threaded 
*§ through the entire machine 
^ The object of wettmg-out is 
to obtain uniform moisture 
5 content in the goods to per- 
mit It to absorb the acid in 
g the next tank equally and 
I uniformly The goods pass 
o\er and under a set of top 
5 and bottom rollers and then 
I are guided over a vacuum 
slot tliat draws out the ex- 
b ceSs moisture 
S Whenever goods are de- 
•g hvered m a wet condition, 
S the aboA'^e procedure be- 
S comes unnecessary and the 
S. goods enter the acid-soaking 
I tank directly. The pieces 
g first pass over a guide roller 
■£ and a spreader, into a tank 
i3 filled Avith diluted acid, then 
OAer and under a series of 
bo SIX to eight top and bottom 
S rollers In the center of the 
tank a pair of squeeze rol- 
lers serves to relieA'e strain 
as Avell as to assist the add 
to penetrate the cloth by 
squeezing out the air. At 
the delivery end of the tank 
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there are anolhei spicader lollei and a large pair of rubber squeeze 
rollers to remove the excess acid In European machines the pieces 
pass over a vacuum slot for final c\li action 
The speed of the goods vanes 'I he slowest speed is approximate!) 
5|4 to C yards per minute, whereas the highest speed may be 35 yards 
per minute For medium and heavy weights (from 16 ounces up) 
the slow speed is required, for light goods a faster speed can be 
employed The carbonizing agent is commonly sulfuric acid, which 
IS best stored m a lead tank sunk below the level of the floor Its 
normal strength is 66 degrees Be This acid is diluted for feeding 
purposes to a strength of 5 to 6 degrees Be m a large, separate tank 
that IS at a level above the carbonizer Ihis diluted acid is now fed 
to the steeping tank through a lead pipe that reaches to its bottom 
and has a perforated extension over its full width at the feed end 
The incoming acid is thoroughly mixed with the steeping liquor 
by compressed air, thus giving a uniform concentration throughout 
the tank The actual steeping concentration is determined by the 
quality of the goods as well as by the amount of vegetable matter 
present For light weight fabrics the acid concentration may be as 
low as 1 5 degrees Be or, for 30-ounce goods, it may be as high as 4 
degrees Be Its strength is best controlled automatically by the use 
of a recording pH meter and a micromax controller The actual im- 
mersion time at the low speed with eight pairs of rollers is approxi- 
mately three minutes The temperature is always room temperature 

Through the use of heavy squeeze rollers, a uniform as well as a 
high degree of acid extraction is possible Under this high pres- 
sure, a more thorough acid impregnation of the burr content is also 
accomplished In order to reclaim the extracted acid from the cloth 
and return it to the acid tank for reuse, either a stainless-steel or 
lead-lined drip pan, which drains directly back into the acid tank by 
gravity, is mounted under the squeeze rollers, thus eliminating any 
necessity for pumps 

The extraction of excess acid also may be effected by a vacuum slot 
or mouthpiece made of acid-resisting metals There are various types 
of mouthpieces such as single and triple slots, the most common being 
the single slot The ends of the slots may be covered to match the 
width of the running piece that is electrically controlled at all times 
to prevent gaps 

Dpmg and baking Drying has two distinct functions to dry the 
cloth Itself and to char the vegetable matter After the cloth leaves the 
extractor. It goes directly in open width, free from wrinkles, into the 
drying and baking section of the unit To avoid destruction of the piece 
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numbers it is customar} during this process to treat the piece numbers 
tsewn on the head ends with cotton thread for identification) with 
an alkahnc solution such as 1 part of sodium silicate and 10 parts 
of Six per cent soda solution 

The entire dr\ing unit is made up of a series of sections or cham- 
bers, the number of which maj vary from five to ten In a six-section 
unit, the first four act as drying and the last tw o as baking chambers 
i reheated air enters the chamber through arculaling fans, blow mg it 
across the wndth of the goods and then drawing it dov. n through the 
taonc An exhaust fan takes care of the removal of the neari% sat- 
urated air After the cloth is thoroiighlv dried, it passes into the 
baknng section, where the greatest heat is applied, usually 190 degrees 
or o\er. Special care is taken that the hot-air circulation maintains 
a uniform temperature throughout and at all times The pieces Iea\e 

and are folded into a 

gnai 111 maintained m a unit of six sections are 

TABLE 1 TEMPERATURE RANGES IN CARBONIZING 

Deeres F HI IF V VI 

Dcctcm F 175«> 190» 200° 

Uegree^ F max I43O igQo 210° 

deSi^dSt goods passes through the drving unit is 

d pendent on the speed permissible in tlie immersion tank The rate 
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in the immersion tank is kept slightly lower than the rate in the 
drying unit to avoid the possibility of stretching or breaking the 
pieces between the sections 

A special compensating range drive that eliminates undue tension 
and building up of slackness in the dryer has been developed This 
drive holds a predetermined tension on the cloth from the time it 
enters the unit until it leaves The control is split into sections, and 
the tension in all sections may be set alike or it may be adjusted to 
give more or less tension in different sections The time varies with 
the number of chambers , for a six-chamber oven it is approximately 
one-half hour, of which about one-third is devoted to the baking 



Figr 19 Infrared baking unit 
iCourIcsy Rxgqs & Lombard ) 


Injrared drying. A 
new development is the 
application of infrared 
rays for the final baking 
One type of infrared bak- 
ing unit follows the last 
section of the dryer The 
heating equipment con- 
sists of two banks of in- 
frared lamps facing each 
other (Fig 19) 

Cloth IS fed from the 
dryer into the baker un- 
der a roller at the bottom 
and then vertically up- 
ward to the top, where it 
passes over a roller, then 
vertically downward to a 
third roller, after which 
the cloth repeats this 
cj'cle upward and down- 
ward over the fourth and 
fifth rollers and passes 
under a sixth roller and 
vertically upward and out 


oi tiic carbonjzer By this means one side of the cloth is exposed to one 
bank of lamps and the other side of the cloth to the second bank of 
Janips The baker has a capaciu of 21 jards of cloth At the nornnl 

o' doll- « STto 

the direct rajs of the lamps for about iwentj seconds ^ 
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The mam advantages of the use of infrared heat for the final 
liaking are said to be two a lower number of drying sections, with 
consequently less floor space requiied, and increased production as 
the speed can be boosted 30 to 40 per cent This is made possible 
by using the drying and baking section of the dryer for drying only 
and doing the baking with the infrared unit 

Dusting The object of dusting is to crush and beat out the charred 
vegetable matter from the fabric This is accomplished by mechanical 
means m a fulling mill Instead of running the pieces with soap, 
they are run dry and subjected to the crushing of the fulling rollers 
For economical reasons it is advisable to use a number of dry mills 
in series The time of dusting varies from five to fifteen minutes, de- 
pending on the amount of charred matter to be removed Loosely 
woven goods, lightweight pieces and qualities such as boucles, which 
are easily damaged, are not dusted at all The process of dusting is 
most effective when the goods are dry and hot The wool regains 
nearly all of its normal moisture in approximately one hour, hence 
no time should be lost in doing die dusting. The pieces leave the dry 
mill in rope form and are opened by running them through a me- 
chanical opener or by hand 


Neutralizing The object of neutralizing is to remove all traces of 
acid in order to eliminate difficulties in later processing as well as 
tendering of the goods For thig^^j[poAe..»the^goods. .are treated 
washer^r .a j3roa dLwa5her-witb..a «;nliihnn-nf ’ *findium 
cadiJinate-DE-sQdSra^., The process is accomplished iif'tKfee steps 
pr^minary rinsing, alkaline treatment and final rinsing 

purpose of preliminary nnsing is to reduce the acid content 
of the goods by a spray of water or by floating the goods m a full 

effects a saving in soda ash and eliminates any 
of damage to the material that might occur from the heat of 
eaction if soda ash were added directly The acid content of the 

^ P®*” or less in this rinse, 
^ecw) minutes in a string washer (four 

preliminary rinse the machine is drained and the proper 
should^^P strength of the alkaline bath 

comoWlv^npff goods are run in this bath until 

alkaline to methyl orange The running 

but .s uormall™ rom a to°3o“‘i 
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The final rinse, which is necessaiy to get rid of all excess soda, is 
done by turning on the cold water full force and running the goods 
continuously for a period of 20 to 30 minutes. On stock- or yarn-dyed 
goods and color mixtures it is advisable after the final rinse to run 
the goods for 10 minutes in a weak acetic acid bath for brightening 
of the colors that are apt to be dulled by the soda A quart of acetic 
acid (28 per cent) for each two pieces is sufficient Data on neu- 
tralization of a coating material weighing 20 ounces (56 inches) is 
given in Table 2 


TABLE 2 NEUTRALIZING PROCESS 


Items 

Carbon- 

isation 

Pre- 

rtnse 

Soda 

Final 

rinse 

Running time 


30 min 

20 min 

30 min 

pH of goods 

18 

24 

106 

75 

Per cent HsSO« 

60 

28 



Per cent soda 



IS 

06 


Continuous neutralizing The continuous washer lends itself to the 
successful application of continuous neutralization In one plant, the 
soaper and bowls 1 and 2 of the wash section are used for preliminary 
nnsing, wash bowls 3 and 4 are used as neutralizers, and the reverse- 
nnse section is used for the final rinse The sulfuric acid content of 
th cloths was reduced from 6 to 2 2 per cent in the 

tnree-bowl, prehminary-rinse system-employing- separate overflows 
or waste m each_bowI , this is equal to an acid reduction of 63 per 
5^”^ -QLjpdium^carbpn^e^sd,^^^ of 2 per-cent, strength was found 
11 f ?®“®®^’^^° "^^S'airze_qualities™.up„to_20L ounces, inactivating 
ail 01 the residual sulfuric acid and lea'vdng a surplus of approximately 
^ PK>5?ut alkali Jn,jthe^ clot h The back-and-forth motion imparted 
0 the cloth in the reverse-rinse section removed the excess alkali, 
educing its concentration to less than 1 per cent, with the pH of the 
tr”ii 84 or less The .alkali-concentration, must be con- 

^®3JS3L&JjStipn The total neutralizing time in the continuous 
1 ’ at a speed of 40 yards per minute, is approxi- 

nn 1 minutes, which is less than one-third of the 

^neutralizing time necessary in the dolly washer The pre- 
inaiy rinsing time, with the inclusion of the soaper, amounts to 
rm actual neutralizing time to four minutes, and final 

n, thirteen minutes This is possible because there are six 

ps per minute in the continuous washer as compared to three nips 
P minute in the dolly washer 
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^--Ji-^^^teX-jaRse lo avoid stripping of colors, soda has to be 
airi-inf”!!"'!”’ chloride is not used extensively in piece carbon- 
tnn-dwri faiH.^ niay have Its place for carbonizing of stock- or 
used ^ which dyestuffs sensitive to sulfuric acid are 


Scutching 

an?n”uMmn*°lh?pS“r?hm^^^ 

many .nstance/lhe pmccs a^taS Is “he SSiinaton S 

SirioUow rtqm™ thaTthrSb’*' h'‘* *'’= operations 

opening opei^?S £?nt es4 !" S" “ 

AroS a sitcW f by running the pieces 

detaching, is shown in Fig^'Icf^^S^ oS combined with 

connected directly with a fcutcher ^°”bnuous washer is generally 
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wn d>cd or pjccc dyed In beaming, the icmpcralurc is kept between 
120 and 140 degrees F., whereas in wet dccating the temperature may 
be raised to 170 degrees F. The go odsju:e_iv.QUiid Jighllyj50.a Avtooden 
rollgru\jUuUica5:jli>rciltirc_rpJlcr^njop,-ancLthaui:un-foi:,hal{-an 
IjgllLJEnglish crabbing m achines, wjicii avadablcj arc„iised for this 
.gurgo^ 

IFf/ dccoUng, Where a more permanent setting of the fibers is 
required and at the same lime a certain amount of luster has to be 
developed, the finisher will appi) w et dccating.,a lso known as boili ng 
■ Prjiotting W et decaling is accomplished by the combined application 
oi heat moibitirc and tension 'Ihc production of luster is partly 
attributable to the straightening and leveling out of the surface and 
partly to the natural luster of the stock itself For example, mohair 
With a high original luster, needs little dccating, whereas fine merino 
wools require considerable dccating to produce a similar luster 

There arc various types of dccating machines (Fig 21), all of 
which have the following essential features a metal trough con- 
taining several perforated metal cylinders to allow water or steam 
to arculate freely, a pump for this circulation, and a suitable tension 

arrangement 



21 Wet-decating unit {Courtesy Davta Gessner Co ) 

In the preparation of the cloth for wet decating or blow- 
leaders are stitched to each end of the fabric, which is 
in a suitable state of tension on a perforated metal cyl- 


Blojving 

cotton 

wound 
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mder Thus, the cotton leaders become the interior and the exterior 
layers of the roll, not only protecting the cloth during treatment, 
but also ensuring even penetration of the water and steam throughout 
the roll After being bound with heavy cotton tape, the cylinder sur- 
rounded by the roll of cloth is placed in the trough The piece is then 
tieated for five to twenty minutes at temperatures ranging from 140 
degrees F to boiling with watei circulating in both directions, or it 
is blown with steam from the inside of the roll for five to ten minutes 
'!Qie ^ . flF f icLs ~Q£.,^jig^treat.nieDt_c an be _cQnsiderab ]y. i ncreased _bY _,the 
.com bined use of ho t,jyater _and^steamr'However, sucli a treatment 
carries with it the danger of seveie fiber damage XhejWuigJjf-the 
clotlw5-accQniph§hedJiy^rawing^cp2d^\'ater^o^ cold air through the 
roll by means of a vacuum pump , 7 . 

Raising 

As the implies, the raising process consists of lifting out 

fiom the body of the fabric to the surface a layer of fibers which 
has been developed in fulling or from the yarn itself This layer of 
fibe« IS varioiisly-ter4iigdji^p,_pUe,_<)r^ojjgr_ Raising is distinctly a 
mech^ical operation The action is simply to entangle the fibers with 
the sharp points of teasels or wire rollers and to bring the fibers to 
the surface of the fabric Four objects of the raising process are 
o 5 .° produce a nap, pile or cover on the surface of the cloth 
2 To secure softness and a lofty handle 

‘^^sign, to soften the outline of the 
pattern and partially to blend the colors 

“«.f'0'-5Sgh ieltmg a.s.ajBts!.mmary„toJh= 

be accomplished by means of teasels 
Cgjg^g or^s(^Eyg;)_an^ by wir e-cov.e r.ed rollers (napping) There 
the systems of rSismg tlie^ nap when submitted to 

^ ® wire-covered rollers, moist gigging and 

^ygt-^^ggitt g, o^o^st napping and d ^ nap ping — 

fl** Gigging IS done with teasels which are 

cultivJfpJ ^ species of thistle plant grown and 

S/virmltf ^ for this purpose in the state of Oregon and m 

m f Sclienectady, N Y The l a.rgest cul tiyation-oLteasels^s- 

kiiiP there is a large-size teasel, known as the 

are^li?tn’l 3 /*-^ if ^ TljeiMdiuni::Size teasels 

For possible in two or three rows (Fig 22) 

or proper setting they are pre-treated with hot water or steL for 
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Inc ininutcs In «;oflcn them and then allowed to dry These frames 
01 jron slats arc then mounted on a drum Tins drum rotates at a 
speed of 100 rpi n-and the cloth is brought into direct contact with 
the tcascRlUccfslals I ^is-vc r y important that the rais ing-of the J hbers 

They arc 

merclj untanglM and hfte3~TTicrclorcrthV*icascltng^rocess should 

begm^uth^odUcasels, the 


1 ■ 

■ — i — r 

• . 

« * 

J_7r-T 1 r 


■ - 1 1 



Fig 22 Three types of teasel slats 


been dulled and softened 
Gradually new or sharp 
teasels arc employed until 
the desired nap or pile is 
developed. I 

Moist gigging and wet 
gigging Of thesc^oist gig-— 
gmg..JS»JJie— most— general 


niAfl A 'T*! 

petono^jhe raising of the fibers is done in the moist state fol- 
owed by the process of wet gigging, in which the cloth runs saturated 
3^feLglggm g real ly should not bc^considered a raising 
action mghlib eis ZRiat werc_ra ised m moirt"gig ?ing 
the surface .m^Sier^Dth In the 

elacf^ S>ggiog processes the fibers are swollen and their 

DhaW * + rigJdity arc diminished Consequently, they are more 
to hr ^ stress Tins raising process is generally applied 

finishes, tvlicrc an evenly laid down nap with a lustrous 
appearance is desired 
Figure 23 shows a one- 
g^hnder, four-contact gig 
Specially designed for 
S'&fing, It is made 
j ai^sleton iron or a 


Fig 23 One-cylinder four-contact ipg 
(Courtesy Curds & Marble Machine Co.) 


icotmerMOLi 
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The goods are wound in full width on roller A, submerged in a 
trough of watei from which they are unrolled by means of a leader, 
passed over the contact and the carrier rollers around the cylinder of 
the gig, and rerolled on roller B, also submerged in a trough of water 
The cloth contacts the teasels at points 1, 2, 3 and 4 
The ,d.irectio ji_oi_r.otatiQii.oLthe. cyli nder is the same as that of th e 
cloth, but It runs .at_a ~b igher speed When all tlie goods have been 
unwound and the sewnd leader conies up, the machine and the cloth 
are reversed, this being continued until a good nap has been produced 
The contact rollers are adjustable and, if set closer to the cylinder, 
th^ give a greater gigging action, producing a greater amount of nap 
J^JJ£^^5S^hp^igging^^pcess, j:h^^teasels^ become-^ed^with^DOl 
J;bers,^andjqse,, strength because they are \yet To restor e them t o 
use, they _are dr ied and brush ed clean bp hand or with a brusffing 
machine 



Fig 24 Double-cylinder, twelve-contact teasel gig {Courtesy A Sitter ) 


“rolling" teasel gigs have been buill 
reiersino- drawbacks, such as low production an(3 

of ° ^ “up-and-down” gig Also the numbei 

contacts has been increased from four to six, which in a two* 
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cylinder gig amounts to twelve 
contacts (Fig 24) Instead of 
cloth rollers, scrays are used 
to enable continuous gigging 
of a greater number of pieces 
in a long chain. The cloth speed 
IS 8 to 10 yards per minute 
The number of runs depends 
on the surface of the cloth and 
the character of the yarn 

Instead _of— tease]~siats^he 

(C.«r(«3. C»rt« & M^-N, Mcchm, C» ) 
'used.foiLj ffit oi\H atti p_b E.us hing on fac e.-.finish.gooj3s 

iLaPJ>mq . It is now moie than a century since attempts were made 
to employ fine steel wires in the raising process and today there are 
wire napping machines which give fast production and are so con- 
structed that the raising of the wool fibers can be done very gradually 
Thes e ptocesses- ai:e.xarried-out»hv-.means- oL.fine-SteeLwir.es. called 



riR 26 Tjpcs of mps suc-dc, du\ct>n, ^ clour top to bottom 


jjrt t 
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card clothing, Jhat arc generalljLapplied to, fabrics, whe re a.den'ie 
ioft\ nap^'irrcgmred The fibers, in contrast to the laid-down nap^, 
are mfeajvitih^h^shsgp^poii^ of the steel wire and kept in a n^rh 
upiigl^pp^ition This jaroduc^V finish oii woolen clotli similar to 
that on velvets andSIu^esT^vhere *tl^ ”^e'1iS*Torme^ T)y "cu1f tip^ tlie 
j^ni^jfSee Chapter 21 ) 

Moist napping is usually a preliminary process to the succeeding 
moist gigging In general, it is applied to fulled fabrics where the 
fibers have formed a dense la}er of felt on the surface The act ion 
oCthejvirespoints js more^rastic^in ,its.nature.thaii.the„teasel,pftj.nts 
,midL Jihe^entengl^enL'oTAe _fi^^ efficient 

Dry nappin^^more suitable^for faljncs which are not fulled. The 
raising of the fibers must be done from the warp and the filling 
threads, and hence produces a spongy, lofty pile 
The amount of nappmg or gigging applied to fabrics depends on 
the quality of the goods The raw* material used, the structure of the 
weave, and the weight and strength of the fabric are factors to be 
considered. 

There are two types of 
nappers, i. e . jsin^l^ c^* 
i ng and double^acp ng In 

the single-acting machine, 

also called the French or 
straight-away napper, the 
nap rises in^jpne-direc- 
tion onl y. “'The-oyhnder 
runs in tlie direction,., of 

the goods'^aTfixed'speea, 

of 10 0 r p ni^ On its pc*'J| 
phefy aresmall wire rolj 
lers that rotate on theiflt 
own axis at an mdepenij 
dent and variable speed! 
in the opposite direction 
of the cylinder 

ig 2 / Diagram of single-acting napper The cloth runs through 

, , , the machine in the same 

oirection in which the C 5 dmder rotates , the points of the card wire 

u forward rotation of -the cylinder, the 

determined by varying the speed of the wire rollers 





Arlington Mills, where wool is scoured by the solvent process 




Cxtr.ictinn 

A v.<>olcn lOO.pcjLCuU j’cl.'itw.hu- 

inuJIt) can nlTMirh 2(' per cent »v,iicr.v.i|)Or.,calu»latcd 

V, <■; 1 , 1 ^ ; h lu* n - ;m r onuiu j^r,»r_3.\ per jrtsu^0jj_4,Ury<Jja5is, 
(winMurc rtijunj An> wrurj .ihint llu^ fiU”*"*- presem as fine 
»lrop]tis "in njUnTiiji r inur'.tins ainl cni, tlicrcfoic, he removed by 
aKchainral c\<r.ictuin 'IliKt l\pis of in.ielnnes arc used 
1 Sijucc::ei or-nnuycr Until recently the squecrer was the least 
cflfuiiNc of the three machines llowtvcr, tin newest type of sqntere 
rolls can rediitc tin. moisture contLiit to as low .is 38 per cent, 
or 61 per cent moisture regain, almost the maximum m efficiency, 
ffic pressure of tins maclnnc is hydraulically or air controlled 
The squccrcr illustrntrd in Fifj. 1 is air toiiliolled and, in addi- 
hoii, IS equipped with .i dial gauge and an automatic safety valve. 
The dial regulating vaKc shows the exact roll pressure at .all limes, 
thus ensuring proper control during this nperation Pneumatic con- 
trols cushiontd against momentarily greatly reduted pressure when 
the seams or bunches pass through the rolls keep the pressure on 
the material uniform at all times and at all points acioss the width 
of the roll Toda y there is a tendency tow.ard replacin g, c ent afuges 
v acuum ty pes 9.tj5flURCzej:j0i:..roUcr,„ 

•h££S. 05 <LJJlcJaUer~arS 3 iighly, effiaent. 
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Fig 1 Wring-Master extraction squeezer (^Courtesy Rodney Hunt ) 


2 Hydro-exti actor, oi centivfuge The excess water is removed 
from the doth by centrifugal force The madnne consists primarily 
of a perforated copper or galvanized iron cage or basket built around 
a central spindle, the whole being encased in strong cast iron oi 
steel The spindle js, rotated at a^speed up.toJ.D00^.p m .^developing 
centrifugal force which is resisted by the inner surface of the cage 
This causes a pressure on the cloth in the cage and forces the excess 
water through the perforations in the sides to the casing, where it is 
drained away There are various methods of driving, the drum , belt 
dnve, friction drive, and direct drive with a built-iii electric motor 
T he =s peed- Q fpt h e, b a sket yanes jaih-jit s^diameter 4 

36-inch diameter — ^1000 revolutions per minute 
48-inch diameter — 900 revolutions per minute 
60-inch diameter — 750 revolutions per minute 
72-inch diameter — 600 revolutions per minute 
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'Ihc time required for hydro-extracting depends upon the speed of 
the spindle and the diameter of the drum (which give the centrifugal 
acceleration of tlic machine), a nd imon the , l cngtU..weight.jmd.thi c k- 
ncss of the clot h ,, the latter three factorsj arc responsible for any 
fcsfitanc e to*lfiec ^tnfugal action MaMmuirTcxtractlon viTth this 
method is about 30 pw^cent moisture content, a figure which is only 
slightly higher tliaiTthc theoretical limit of 26 per cent moisture content 
This limit IS generally- reached- aftcr-byo ,to ten minutes, depending 
on the type of cloth and the load of the machine The advanta ge of 
t lie hydro-extr actor overJhe_ squee7ing myliine.jsulmC5ie!!matenal 
i£placea iiiTlie macliine iiTa looseVndnifce^cond,ition,\yjthoutprjes- 
iPterrtndTlic rcTsTes T'd'm^ of wrinklmg' or of pulling the cloth out 

.wjhapfi,, Its^isa5vantagei^iat*Tt'is”a~fi5feK process jvfiicli niaices 
p roduction time-coffsgff»ng_and tliefcf ore jcostly 
' 3 y actium^ei^lfaclof' InThe vacuum extractor the cloth is treated 
in full width The machine consists of a cylindrically shaped housing 
With a narrow slot on the top, extending from end to end, over which 
the cloth passes Connected with the housing is a vacuum pump 



Fig 2 Vaemun extractor (Courtesy Davtd Gessner Co ) 
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that draws air from the atmosphere tlirougli the wet cloth as it is 
drawn over the slot, thus forcing the water out Of the three do’ing 
machines the ^acuum-e^^t^act0r-*has'-t^le-4owest-4^fficlency. Generali) 
the moisture content of the cloth after vacuum extraction is about 
> 40 , tp^3Q per .cent, -corresponding ,to,6Z, pen centjnoisture regain. With 
lightweight fabrics, a hea\y felt or rubber cover is placed on top of 
the cloth while it passes o\er the \acuum slot This helps to create 
sufficient \acuum With thick and heavy qualities, covering of the slot 
is unnecessar) as the tightness of the fabric gives enough resistance 
to the vacuum. The advantage of this machine is the minimum of dis- 
turbance which the cloth recei\es The disadvantage is the danger 
of dogging, necessitating frequent cleaning A vacuum extractor is 
shown in Fig 2 


Prying [_oj:„Xentering, 

l^yingAvas originallyjdonejmthe open air. T he clotl i w'as^sttetched 
whjndjietweei^vo^set^^f^a^lel bars fixed on vertiral posts,,,qn.d-^.» 

tenter pins 'A further "development was the 
tenter house, in which'^he doth was dried indoors by hot air. The 
tenter fi^es were placed in long narrow' rooms heated by steam 
pipes Today ^ doth drying is an automatic process carried out by 
means of various tentenng machines which perform the double pm'" 
pose.o£.drying.and^tretching. The prniSprTHfrrrorrf€ffiering 
machine is a pair of endless traveling chains, carried on tracks, on 
which fine pins are mounted As the doth enters the machine, it is 
engaged in the selvages by these pins The machine is built in stones, 
the cloth-carrj'ing chains passing over sprocket wheds at the end of 
each story to the next lower level The piece enters the machine from 
a platfom, passing between tension bars to the pins A small brush 
w'heel placed over each chain presses the sdvages onto the pins 
and the doth is carried from the top story through the whole senes 
to the lower stoty^ where it is released from the pins and ddivered 
y ormn^' folding motion 'Tin cj'lmders support the cloth at each 
c« + 1 ? ston^ The distance between the two chains is adjustable 
so that the doffi can be brought to the desired width Wrinkles and 
creases are pulled out evenly and the warp and the filhng are put into 
tk^proper geometnc rdationship. 

^^Slg-time^contrGll^..the- width .j is jdect og al 

up by-tvvo electric f^s, aSd, iSHSrdTngT^^e 
made, moves the chain arms in or out to accommodate its 
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width Xhi&_providcs .[or, accuratc-and.j:onsisjcnt feedin g to dic_pins 
which hold the. cloUi^t..tric selvages (Fig 3) — — 



3 Electrical feeding mechanism for dryers (Forshnann JVoolen Co ) 

Madimeaii3r^gjs*dQiJU2jjy_Javxijdi^^ 

frj3 jn..steam mves. t he second and n p.wpr 
[j ^ blown thrg ug h, the cItoT ^ 
i-J’i!.J^?42S£amng.systeni^nch steam pipes or coils are placed in 
each the stories so that die doth travels over and tinder 

h^^ted air radiated from them vaporizerthe 

Se he^ Ajhfiadxantage^Uhis^ystem»is,that 

caiiiiQLJ3eJ5asily.confcrolled so that the 
^he^cplors. The joinlsJ? 

radiation through the top and the sides of°?h^ 
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IiiJth£Ljnodeai-dr5^ujg-,5j;sim 

(Fig ^^Jh^^r-which-circulates 
thfbugh3>e^. orced 

tlirdugh each storj;; JjX, means oi 
‘•fans' '€)ne‘’fan’ takes care of the 
*'Sif''cifcuIation for two stones 
Heating elements are installed on 
the side of tlie machine where the 
fans are located The fans suck 
the air from the outside atmos- 
phere through tlie heating ele- 
ments where the air is heated and 
forced ahead across the cloth into 
the next story This is repeated 
until the air has passed the six 
stories On top of the machine 
tivo exhaust fans are provided 
which remove the excess of mois- 
ture-saturated air. By this sys- 
tem the highest temperature in 
the machine, about 180 degrees 
F , is at the top where the moist 
cloth enters In each story the 
temperature is reduced about 20 
I degrees so that the cloth, when it 
f leaves the drying machine, is 
about at room temperature 
The dryer is equipped with a 
speed regulator so that the dry- 
ing can be varied according to the 
weight and moisture content of 
the fabric The steam consump- 
tion IS 1 6 pounds of steam to 
evaporate 1 pound of water Cloth 
weighing 16 ounces per yard can 
be dried at a linear speed of 35 
to 40 \ards per minute, proMd- 
ing the moisture content is not 
higher than 50 per cent 
To calculate the steam con- 
sumption per piece, reference can 
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be made to the chart, Fig 5, which shows the number of pounds of 
water which must be evaporated by drying from fabrics having an 
initial moisture content of between 35 and 48 per cent in order that 



dryer with a moisture content of 8 per cent For 
moicii, ^ ^'y^rd piece weighing 16 ounces per yard and having a 
of watp^ w'ould contain an excess of 48 pounds 

of vatpr n* ^ ^ pounds of steam arc required to evaporate 1 pound 
X 48 nr -r o amount of steam required per piece itould be 1 6 
. or /o 8 pounds If the same piece should enter the dryer with 
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a moisture content of 35 per cent, only 
25 pounds of water per piece would have 
to be evaporated The steam consumption 
would be 1 6 X 25, or 40 pounds, a saving 


of 47 9 per cent 

Contrary to popular opinion, research 
has shown that whetLcloth-is-exposed-to 
a lUgh^emg^j^re^hen^wet,-more^dan 5 r 

d ojh im posed 
to "a "high" temperature^'^n 1 1 js nearly 
drrrfe ISftgr ffal bten 

lised^^r years in the carbonizing dryer 
To cool the cloth and to provide it with 
the necessary amount of moisture, damp 
air IS drawn through the bottom cham- 
bers, which have a relative humidity suf- 
ficiently high to provide a final moisture 
content of between 8 and 10 per cent 
This method of drying unquestionably 
simulates outside drying conditions more 
closely than any other A few manufac- 
turers have led the way in incorporating 
this principle in their regular dryers 
(Fig 6 ) Three factors must be consid- 
ered in drying 


1 The moisture-absorbing property of 
air IS increased by raising the tempera- 
ture 


2 The dry air must be brought into 
contact with the material 

3 After acting on the cloth, the mois- 
ture-Iaden air must be removed continu- 
ously m order to admit fresh, dry air 

Another means of drying cloth is the 
use of steam-heated drums or cans in vari- 
ous sizes combined with a machine which 
IS called a cylinder-^Q^ing_maclftne^pr„f elt* 
.Sender The mam cylinder has a diameter 
ofo'tO'S feet and carries on its surface an 
endless felt In drying, the cloth is brought 
between the felt and the surface of the 
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cylinder •\ 'iprradcr cnUc<l a ‘‘I’nhurr," wlirrc the dolli r.ntj l»c brnup.lit 
to the desired wjdih, n hndt m front of this nnchint Smaller drums, 
about 2 feet in dianiotn, .irr usually ntianK(.d jn fmnl of the lar^e 
cjlmdcr and used foi prcdiyint; 'Hit sjn.dlcr drums, numhennt; fiom 
two to ten, a.ipomu part of the moistuio content of the cloth In-foro 
It reaches the large cjhnder This imthod of drvmg is used on \er> 
light and cheaper grades of woolen cloths and very frequently on 
cotton, silk, and raj on cloths 


Shearing 

I he object of shearing is to cut awaj comfilctcly or to even out 
or level the fiber pile or nap which has previously hecn raised The 
amount of fibeis to be cut from the surface of the cloth depends on 
the t}pc of finish desired Tins dry-finishing opciatioii is used on 
all woolen and worsted goods. 

In smgcmg, the hairy surface was cleaned off, hut m subsequent 
'\ct processes, additional fibers which w'crc raised through manipiila- 
iion can now he removed only hy shearing Another singeing w’oiilcl 
affect the h.uidic of the goods and create an odor which w'ould have 
'■emoved by another wet treatment 

1 he general aim of she aring. js_.to cle ar the sin face ofjhc j:loth 
oLsuipjusJibcTs an(Lthcrcl)y_bniig ourccrtain .characteristics such 
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as the design or color pattern 
The most drastic shearing is 
done on fabrics winch require 
a clear face, such as gabar- 
dines and serges The amount 
of shearing done on napped 
fabrics, such as velours and 
broadcloths, depends entirely 
on the length of the desired 
nap On velours sufficient cut- 
ting or cropping is done to 
produce a plushhke effect, 
whereas on duvetyns and 
suedes the nap is shortened 
considerably (see napping) 



Fig 8 Double cutter woolen shear 
{Courtesy Curtis & Marble Machine 
Co) 


In pile fabrics shearing is done before and after dyeing Broadcloths 
require the most “cropping” To produce the high luster of a 
broadcloth, a laid down short nap, the cover has to be shorn off very 
gradually 

The earliest mechanical shearing machine was constructed as a 
machine The piece was fastened on pins at the selvages 
ana the cutting device moved over the length of the piece and so 
length for length was sheared 

M o d yp __ sh eai:ingj^a_cpntmuous operation The ends of^the piece 
^,®^!Jl!5iJte6?Jiier.and^tlie'clotlriruns’’thrt)ugh the’^itiacfime in an 
CTQiess~b and over stretching bars, guide rollers, and brushes ^at an 

Th*? nev^St,lhfee-plate. 
shearing machine illustrated in Fig 6, and diagramatically 
ran if which has been designed especially as a production machine, 
necessary” ^i^oni 30 to 40 yards per minute or higher if 

«to-be-.done..gradually, meaning that 
anH 0f'-ffie_suttmg device has to_b »e „hig her in the beginning 

deiirea^oint lTiirinetK6a''g!veg*^ 
If in K sheared surface — in trade terms, a round sheared nap 
cut ® beginning the setting is too low, the cutting device cannot 
ne immense amount of fibers at once and the fabric tears 

til, u^"H?^;^^lbstment-in->sheaiangJiesun4he_m utud relations of 

cylind er and of thes e two with the bed Be- 
Sd ^ pieceJlKTESffinTaivicrir^ted to 

rests on fbo j ’^^^ween the bed and the cloth as it 

rests on the ridge of the bed By doing this across the width of the 
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madime and teelmg the amount of resistance to tlie withdrawal of 
the paper, a judgement is lormed as to the pressure between the 
Cloth and the cutting edge. The keenness of the cutting depends on 
the_sharpness»-oif tlie.knn es rTii^inacTiine7 Tn Ken~the c\hnder is 
turned by hand, will slifiap:^a-fine4)apen.Avith-a-c4eam-G«ty-.it is con- 
cludea that the cutting de\ice is in proper adjustment. With the 
proper adjustment ot the cylinder with the blade and the adjustment 
of this combined sjstem with the bed, the spirals are able to reach 
all projecting fibers as tliey stand up from the cloth w'hen it passes 
o\er the ridge of tlie bed These fibers are then dragged by the 
re^ohmg spirals against the keen edge of the ledger blade and there 
cut oft (Fig 9) 

When-4he»seam^AUl*® 
cloth appro aches the cu> 
fjng point, the Qnnder 
Ti I . i ( t . 1 , I , , . an^bjadcr^ich-ts the 

cutting de\nce, has to be 
raised by pres sing >down 
a lever or jtoot rest to al- 
ts. — ^ low tlie passage of the 

seam To this movernent 
tlie operatorof 'fhe'^lSear- 

^ ^ ing*-TTigCinne^li ^* to give 
Tj. n speciSTaSention If the 

Iff Spiral revolver blade asseiablj seam jwssesTntO tlie CUt- 

, , , , ting device without being 

disengaged, considerable damage can be done to the cloth, the ledger 
oacie, and tlie spirals In modem madnnes the lifting mav be done 


Fiff 9 Spiral revolver blade assembh 


ZZ **+'*!.'-*• ucus in rnis counm* tne nrst twu 

usm Smooth-suf^ced qualities with nap, such as 

nr alwajs be sheared on a bed with one ridge 

or hard rest 

worsted goods espeaally dear finished ones and 

ii«!e n^niinT^f*^! knots' and curls, it is safer to 

hollow bed, wkch has two ridges about 4 inches apart, known 

bf>‘wZ cutting device A\orks on the gap 

non+v. ^*1 and because there is no solid object under- 

Tbpr ^ projecting curls and knots w'lll not be cut oft 

.f*' ad^-antages to the "gap rest.” First it reduces 
3 t te amount of burling necessarj*, since most of the knots 


Dry Fimsiiing Oclrations 


857 



Fig 10 Two methods of shearing fabrics 


do not have to be pulled through to the back and cut before shearing 
all knot holes m finished goods, as it is im- 
possible to produce them with this type of rest On some goods, 
Th knots are difficult to locate, this is a decided advantage 

bird, With the new high-speed machine the gap rest allows for 
continuous production on numerous types of fabrics varying in thick- 
er, without the necessity of resetting the cutting knives 
ine production with gap-rest shearing is about 20 per cent lower 
an on the shearing machine equipped with hard rests In the new' 
50 cloth-shearing machine using hard rests, speeds of up to 

cnf minute can be obtained, whereas using the gap rest 

islactory shearing is possible only at a speed of about 38 vards 
kci- ^ ^'irther disadvantage of the gap rest machine is* that 

harder to™^ Plates must have a flat ledger, which is considerably 

^7P® machine is used, to secure a clean even 
cnnA f important that the cutting device be kept in good 

from ,J.egyndmg.-the ,spixa.l&„aiLd_the^blades 

Sa .six^months, ^clependjn^on 

clo^b sheaiing, it is essential that the back of the 

no flnoU weaver's knots and slubs m the yarn and that 

lift Uie mf? l^etwecn the bed and tlie cloth since any of these would 
the material at that point Any lifting of the material results m 
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an increased cutting action on the upper surface \\hich might even 
be great enough to cause a hole to be made in the cloth. 

Flock removal In the modem shearing room, the shear*flocks"nre 
remo\ ed from jhe ma chme-^’-th ey are prod uced In addition to the 
danger of the no3cs adhering to the’clom ai^ causing cut holes and 
cholang running parts, tliey soak up lubricating oils; sh ear floc ks 
ma^sqak up^s.much 5 S^^per cent of their^qwn.vi eight of lubricating 
oiIs''^- 0 '- avoid oil stains,"" a suction system is' 'fitted over the 
ctlEfing cylinders which, by means of the suction current of a powerful 
fan, conveys the flocks from the machines to a cehtral separator. 


Fancy Shearing 


A speaal development in the art of shearing cloth is fanc}' cutting, 
vhich is often applied to ladies’ coats and jackets of the vdour tj'pe, 
sometimes called mutation Jacquards This is done by using sector 
beds and lifting the cutting device at determined intervals Accord- 
ing to the design cut on the sector bed, a design will be produced on 
the surface of the doth Fabrics of this kind have straight-line de- 
signs, either in the warp or the filling direction or running diagonally, 
simulating stripes and checks or, in more daborate examples, floral 
designs may be imitated A more universal ^'Stem of producing 
patterns cundlinear or othermse, is to replace tlie ordinary bed by 
an engraved metal roller. 

Ratine or chinchilla effects This is a kind of finish applied to 
tedies coating and heavj’ overcoating for men’s "wear. The finish can 
be created only on a pile nap The doth is drawn at a speed of 3 to 
, roinute oAer a stationary, plush-covered table Above 

s st^onary table is placed a swmgmg table covered with a rubber 
pad, whidi rests with its o^vn weight on the surface of tlie doth This 
tao e IS driven by a bevded gear from the side of the machine and 
is reci^ocating motion is controlled by eccentric cams on both sides 
ive enects can be made by changing the setting of these cams. 


1 A bead effect 

2 A wave effect in the direction of the warp 

o A .wave effect m the direction of the filling. 
4. A wave effect diagonal from left to nght 
o A w’ave effect diagonal from right to left 
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bead To produce all other effects the table moves iii a reciprocating 
motion in the opposite direction of the wave In all wave effects the 
size of the wave is determined by the length of the stroke the table 
makes in its reciprocating motion 

Brushing and Steam Brushing 

^ "I — n r* r ~ii p— ^ 

T his IS a p rocess whmh often follows sharing and^ h as for its 
object~the removal..of'lHOoosersli5r't^uf"fibm~s'whic h,hav^rop ped 
ISlOotheJace onnap-J[t is of teiT'combined''' with ' steaming^ “then it is 
called steam brushing The principal features of such a machine are 
shown in Fig 11 One of its important features is the laying of 



11 T\\o-C}Iindcr, double-acting brushing machine 
(Cmtrfesy Curtts & Marble Machine Co ) 


Jt map m one direction and ^mg it -in thatjiosition with steam. 'I he 
iiachinc is built on a heavy square frame, hormail> with two hrusli 
\ indcrs about 13 inches in diameter, double lagged .and filled with 
•»* (1* bristles For cleaning the back of the goods, there is 

t 1 ^ brush with flock pans which catch the flocks and hnt remoted 
^ Y" brushes The cloth strikes each bnish tw ice, gi\ ing a large 
^■•JMung capacitj The amount of contact on the brushes js go.crned 
t}»‘ '■‘bcels acting dirotigh a simple cam arrangement, which is 
•vit dcMcc used tor the purpose; it is perfeeth 

t ‘ liable to brcik or get out o' ordtr. ITtre 

f ra»or can adjust the machine ins*antl\ so tliai ln‘h ethnders brii^h 
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the goods alike or so that one c\lindcr brushes the goods more hca\* 
ily, as ma} be required 

The machines are most coinmonh' arranged with a back folding 
attaclunent and a cloth sc^a^ tor guiding the cloth underneath, as 
shown in the figure The cloth semi, is made with a hinged table 
at the rear on which the goods arc folded after being brushed, and 
at the same time a new piece ma\ be run into tlie machine The 
macliines are also built with a top frame b) which the goods are 
carried o\erhead and dropped into a cloth scray m front, so as to 
run endlessh or folded neatlv on a platform. 

A steaming apparatus is set high on the frames so there will be 
less liabilitA"^ of the steam affecting the brushes The streamcr-c;on_^^t^ 
of a metal shell with' distributing pipe and ciirycd'‘Slireld^ inside,, so 
CQns^ucted^that_ a_ uniform supplj of steam is obtained ithe wiiole 
'•tS.ngtg Md dehiered'to-the cloth evenlv an d free f rnm Tl mp<; nf ^ mter- 
The felt coier o\er the top may be easily' renewed W'hen required. 


Dry Decating 

In the finishing routine, drj decating or dr> blowing generally 
tollows shearing Some reference has already been made to the decat- 
ing process in the sections on crabbing and w’et decating in the 
chapter on wet-finislung operations Xli&«,essential feature, 



general working arrangement being 
' the wet-decatmg section Under the 

Li 5 w'hich provides heat as well as moistureJ 

with It ill plastic, causing the tension to be relieved ant 

The fihprc'r>f strains present m the form of creases and folds 
fahrip rear-i, ^ vams theiiiselves tliat make up tli( 

The finar fi i ^^^’tltuig^m.^qlVnced, uhstressed'texturel 
current nf mM** during the cooling-off penod, in which a' 

acSmnl,^L?l^, o'® through the roll Dry decating can be 

the OMn-hlmx - rf' ^ ° j ^ j ° w-aj's, by the pressure-blowing or by 
setting desired'"^ method, depending upon the permanency of the 

general features of a pressure-blowing 
This outfit conciQiy f ® ^ •vacuum steamer, are illustrated in Fig 12 
and a vacuum machme, a cooling frame, a boiler, 

P p The clotli IS wound tightlv with a fine-faced 
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Fiff 12 Vacuum steamer «\itli one winder and rooling frame 
{Cotirlesy Da-nd Gessner Co ) 

on a pcrfoiatcd roll Two pieces can be put on one 
cylinder A heavy leader cloth is wound on top of the finished roll 
w give the outside end of the cloth sufficient pressure and protection 
this roll IS put into the preheated boiler which is sealed air-tight 
tli* 1 ^ cover Before opening the steam valve a vacuum in 

1 “°hcr IS created by means of a vacuum pump Then the steam 
nters the boiler, first through the inside of the cylinder on which 
le cloth IS wound, and forces its way through the cloth for two or 
itiinules Then the steaming is reversed The steam enters the 
in -5 T forces Its way through the cloth from the outside to the 

j ® another two or three minutes During this process the 

lie **^,, *^ revolve The pressure created m the boiler is 

ually not higher than 20 pounds per square inch The roll is then 
<cn out of the boiler and carried to the cooling frame, where a 
sucks the steam out of the cloth and also cools it with 
»resh air This takes fiom five to 


'whX^ SJld Jdunner, Th(U2rfiSsm:6.ot.thaJeadpi 

and 

newest machines are equiooed 

with fuU automatic controls ^ 

ry decating, as well as wet decating, gives a marked and variable 
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character, such as brightness of appearance or luster in varying de- 
grees, to the %.'Ooien cloth v.*hich cannot be produced by any other 

nriishing roubne Increased luster,^Avfaich Js,^cause^,byja tetter^re- 

Sect ioa-^of light-, -*s^die^esuit^o£~the ira^ov^ -smoo^es&vof'-^ 
^rface some goods it is essential and is developed to a very high 
o^r^ A hjgh-Iuster broadcloth is an example Such a luster, whea 
permanent, is unaffected by the -weather and is impervious to rain 

Open blowing. The mande- 
steaming and air-cooling ma- 
chine, also called an op^-blovr- 
ing machine (Fig. 13), is oft^ 
used in place of the closed- 
blowing machine Its advantage 
lies in the fact that the danger 
of tendering the goods is eluni- 
nated and die colors are not af- 
fected. Open— bio\rii^’-.is«as-a* 

w hol£ua-.nHlder«tFeatment^dnd 

Tess.,^ective. The process is as 
follows : The fabric to be proc- 
essed is wound in a specially 
vroi'en, smooth-faced, cotton 
. _ ^ mantle or wrapper upon the 

steaming cylinder. In Vfinding the goods onto the steaming 
t^Iind^, ajmpressicn may or may not be used as required. Tension 
’= applied to the mantle or -nTapper by means of a friction device or 
^ch end of the roll^ on which the mantle is wound. The fabric is 
aaOjCcted to the artson of dry steam while enclosed in the wssitle. 
stea-ming cn under. A separator ensures "drv** «;te am. 

The^exact amount oi steaming on the lyiinder varies from one to 
two mmutes, depending on the particular fabric The steam is then 
^nut Oti and, bj' opening a quick-acting valve, air is drawn through 
tne cloth in order to cool it The amount of extracting or cooUng 
also depends on the tvpz of finish desired. Ordinarily three to five 
mmuics v-iil ^ sufncienL After this treatment, the goods are un- 

vo.4nd irom the tylinder, rolled up, and allowed to stand for a fevr 
hours. 

Fou. lO SIX pieces an hoar is the average production of a single- 
firmer mantle-steaming machine vhh an-g-mch or a 12-inch cyl- 
n .CT When one piece or cut of goods is treated at a time. This capac- 
* - matenaHy when a 24-inch cylinder is used and two 

P^ece. o: goods are treated at the same time. 






■IS - , <4^ 

1 ' ' . 'f 


r»g. 13. llanus-steamin^ and ak-cool- 
uig aiacHne. 

e Ccuries: Curtis & l^crhle MachireCo.} 
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^conyenient^ arrangement-foT' rapid /and^ effiaent blowing is to 
piit two doublesroller^maclunes-side, b\' side on— the- samC'-exhaust 
a system. the operator is able'^to-do the winding- on 
one^machme-fwKiIe~the other is-coohng-off 
The highest and most permanent luster in woolen fabrics is ob- 
tained by repeated wet and dry decating In many instances, luster 
IS not desired but, smQe-decajtiQg«iSMJiieses,satyjtp.^et jhj^.clo^^^^^ 
excessiye -Justering-must he. removed, by-*open-,steammg- All decating 
processes, if not carefuly applied, can produce serious defects and 
are therefore avoided by many cloth finishers SuchtdefectSfar^haish- 
ness«ofrrfeel,*papet-,hMdle,-.wateri.jmarks^_and ^change, qf^hade- The 
harsh and papery feef is a result of loss of moisture when the pieces 
were subjected to high temperatures Normally, the pieces are able 
to regginJheJostmoisture-on -Standing, thus becomin&xeconditioned, 
but in case the harshness, does not .disappear -the pieces must pass 
t hroug h another .-wjst process. , 


Damping or Dewing 

Woolen and worsted 'products are often subjected to a damping 
or dewing process before being hot pressed Saxonys and some 
tweeds, which can be cold pressed, are the only exceptions Most 
woolen and worsted products are subjected to hot pressing JEn hot 
PIS§§lQg,Uhe^ooI~in^ord.ei;J:o. 4 )i)tain.. 4 ulL.benefiUof-.the»operation 
l5H5LB5§s.4nto»th e^pIastic , s fate Not_o tdv-h eat but aho juoisture is 

nec^^y^jqjjp^g tluaiiabout, therefore, the_fabrjc must be-properly, 
Jtonaitio npd.. 

The cloths as they come from the tenter frame and from the blow- 
og processes generally are overdryed, often containing less than 
moisture Such pieces will not take a press finish prop- 
will have a thin, papery handle It is, therefore, good 
dit pressing, to bring the fabric into the required con- 
mn°*v. ^®wing or by storing it sufficiently long in a damp at- 
contact of woolen cloth with heat, the hot surface 
chant ^ effect of liberating moisture because (as explained m the 
suh physical properties of wool) the regain of the wool 

nrpB higher temperatures is diminished This aspect of cloth 

befor*”^ well understood by the housewife, who sprinkles cottons 
me ^ damp cloth on woolen fabrics while press- 

professional tailor, who commonly applies a damn 
Th°*^ P^^sses with a steam iron. 

ere are tivo types of madiines employed in the dewing operation. 
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namely, the brush machine and the nozzle machine Their main 
object IS to distribute evenly a fine spray of water over the cloth 
The amount of water added to a fabric can be regulated according to 
the type of cloth 

To hold the water the brush machine' has a trough in which a 
grooved, wooden roller revolves Over this roller, revolving at a 
high speed, is a ciicular brush which takes the watei from the wooden 
roller and distributes it in the form of a fine dew or mist on the 
cloth as it passes over it 



Fip 14 Nozzle-type dewing and damping machine 
{Courtesy Kearny Manufacturing Co, Inc ) 

, features of a nozzle machine are illustrated in Fig 

ine machine employs two nozzles and a miniature propeller m 
Which are cut a series of spiral grooves The streams of water passing 
irough the grooves of the high-revolving propeller are emitted 
rom the two nozzles m the form of a very fine, mistlike dew, which 
fabric during its passage over the conditioning 
IS drawn from a tank through a fine sieve, and all 
1 material flows back through a return pipe 

1 ’ ^Sam The machine is equipped with 

yarj'ing from 7 to 20 yards -per minute, and three 
the and full spray— can be made, governing 

sprayed onto the goods The water pickup may 
'ary trom 1 to 8 per cent i' ^ 




Dry Finishing Operations 


865 


Pressing 


A&.aj-.ule. thejir ocess of piess mg is the laat of Jhe jinislim^^ 
ments^and^theretorejdeinaiids^iejitmost^attenfion Its object is the 
I^rievelmg*and flattening of the texture and, at the same time, press- 
ing brings out the handle, luster, and appearance desired in the finished 



'ar^nfinite**combinations which can be used The principle of the 
various kinds of machines used for pressing woolen and worsted 
goods differs in the way use is made of these four physical factors 
The old fixed hydraulic paper presses used a moderate temperature 
over a longer period of time The new intermittent and rotary presses 
employ higher temperatures over a very short time, thus giving in- 
creased output There is no question that in i^pint'Pf fine^finish, ,soft 
and appeara!n ce the _c>J.d,mitf S qS^s jjuperior 
'I'nere ^ftrtwo “^stinct systems of pressing in one, pressure is 
applied vertically and, in the other, longitudinally In both systems 
the machines used employ the hydraulic principle to secure the 
necessary pressure There are at present three types of pressing ma- 
chines in use the vertical paper press, the intermittent vertical paper 
press, and the rotary press In the vertical paper press the cloth is 
folded between heated press papers, piled into a stationary hydraulic 
press, and compressed for several hours In the intermittent vertical 
paper press the cloth is fed intermittently between papers held in 
heated gaps, and compressed for a few seconds A new portion of 
cloth, equal to the width of the plates, is then fed forward and the 
process repeated In the rotary press the cloth travels between two 
heated metallic surfaces, forced together either by a hydraulic ram 
or by mechanical means, thus giving continuous action 


This installation, shown in Fig IS, is usually 
erected on two levels The papering-in, the turning, and the papermg- 
out processes are carried out on the upper floor, whereas the heating 
op and the actual hydraulic pressing is carried out oh the lower floor 
o papering m (Fig 15A), the cloth is drawn forward over suitable 
Soide rollers onto the table of the middle lift, a stack of papers being 
l\P°®'hon on each of the end lifts As the cloth is fed to the middle 
^Die, each sJLtffi:a.Qperato r.s sta nding, oiuopposite sides inserts press 
u .glaze d cardb oafd..between_eacl^laye r o f_^cloth Each 

v^liflL£arfl]^ardJhas,a^etaLiinmg.wjth exposeaSSnetel tabs which 
th*^? ®^®<^tncal contacts for heating As the piles alter in height, 
e ie\els can be adjusted by operating levers controlling the three 
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Fig 15 Automatic cloth-handling m a vertical paper press (Krantc ) 


hydraulic lifting presses As the middle one is slowly lowered, the 
outer two, which carry press papers, are gradually raised When about 
twenty pieces are thus papered, tlie middle lift is lowered to the floor 
below A movable platform is then brought opposite the lift and the 
full load run onto it Small trucks are used to transfer the load of 
cloth with the paper from the papering lift to the hydraulic press It 
" pushed in front of the press and run into position 
press consists of a lower and an upper heavy metal plate, 
fastened together by four steel pillars A hydraulic pressure arrange- 
ment presses the lower plate carrying the load of doth folded between 
the press papers and metal plates against the top Up to thirty-five 
pieces can be pressed in a machine at one time Ihe metal tabs men- 

connected to the electric current which dis- 
through all layers of the cloth A hydraulic 
PQUods^xeiL^u are inclj uis sufficient to produce 
the^esired-effm The doth remains under this pressure from three 

transported back to the lift 
proTefs X rWh refolding (Fig 15C) In the turning 

simiHr tr, ^1 refolded between press paper in a manner 

Sannorl papermg in” but the edges of the doth which 

middle nc papers in the first pressing will be placed in the 

follows file HP process is repeated The papering out which 

follows the second pressing ,s illustrated in Fig In papering out, 
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[_ ) a^tc^Tmioniaiic, OaUphtc press, 

^ ^--■ r ,, IS \try poj)ular j\ilh Biitish fin- 

jj ishcri-.Jt''was designed to carr} 

out automatically the function of 
ihc stationary paper press The 
pi inciple features of this machine 

arc seen in Fig 17 This machine 

F,_ ,, „ consists of a top plate A and a 

P''c‘’S» low cr plate B, which is connected 
electrically heated hydraulic ram C 

. Between upper and low'cr plates 

dow” ,“'*^®*‘*^^cdiatc plate D, which is capable of sliding up and 
flex?l guides All of the plates arc hollow and connected by 

the t ^ P'P^^s to a steam supply Owing to the short contacting time, 
HQn necessary is much higher than that used with the 

vertical press The openings between upper and middle 
Press^’ middle and lower plates are taken up by the cloth and the 

P^P®** The pressure is created by the two hydraulic rams The 
“•nauer ram liftc Hm d i_i. » 


PiR 16 Fixed scrtiul inper press, 
clcclncally heated 


plate lower plate B and hence, a little later, the middle 

the closing the two gaps containing the papers and 

apDlvini ft ram comes into action. 

As t ™ *'®quisite full hydraulic pressure 
cloth implies, the machine is automatic in operation, the ' 

out anv through the gaps and the pressure applied with- 

y attention from the operator beyond the stitching of the end 
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of one piece of cloth to the next Two men can easily manage the 
largest-size machine 

The machine presses intermittently, the application of pressure and 
the conveying of the cloth being controlled accurately by a simple but 
ingenious system of cams and levers Briefly, the cycle of Operations 
IS this the rollers, and therefore the cloth, being at rest, hydraulic 
pressure is applied to the ram , the plates rise and the cloth is pressed 
After a given time, the pressuie is released, the plates fall apart again, 
the rollers revolve, and the cloth is drawn forward a distance equal 
to the width of the plates The rollers stop, pressure is apphed to the 
ram, and the cloth pieviously unpressed now receives a pressing This 
cycle IS repeated four times per minute 



Ftg 17 Patented automatic hot-plate pressing machine 
(Courtesy F Hatlersley PKkaid & Co) 


The machine just described is known as the double machine and 
W'lll press two full-width pieces or four narrow-width pieces at one 
time, at rates of from 250 to 700 yards per hour The newest machine 
is built to handle three pieces, full width, at the same rate of speed 
1 he newest development in this field is the introduction of a com- 
bined automatic hot and cold press, m which alternate hot and cold 
p ates aie used A hot-press finish can be applied to the cloth, followed 
^mcniatdy, without stopping the machine, by a cold-press finish 
ns has the effect of cold flattening under pressure, thereby setting the 
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lined with a smooth-surfaced metal jacket. The face of the cloth, 
when passing through the pressing parts, is against the latter The 
desired press effect can be regulated with a variation of pressure. This 
process is continuous and the speed of the cloth is from 4 to 15 yards 
per minute For light pressing or smoothing, an apron press is used 
^An endless felt^ravels^withJLjie doth between the bed and^thexylinder 
There is one disadvantage'm pressing cloth on a rotary press as 
compared with pressing on a vertical hydraulic press In the rotary 
press the cloth receives a certain stretch, whereas in the vertical press 
the cloth IS pressed in a stationary state, with no pull or friction on 
the cloth Therefore, better qualities of cloth should be .pressed on 
the^hydraulic*press ■■ 


Final Steaming and Sponging 

Steaming St^ming is a simple operation, .but a very important one 
in the fiiiishmg^^TDUtine The stramih^ operation, when applied after 
drying, shrinks and partly conditions the cloth It also loosens up 
the fibers for the cutting process that follows When applied after 
final decating, steaming takes off the surplus glaze and, ,no mat ter 
wheii.applied, hasa.^endencx„to^brinjc the cloth ^n, width .apcQiS^ 
The machines used~fdr this operation are constructed in several 
ways The.,main part,is,J:he steam^j30x,^abouts24eet iyide,^\yitlL a 

wJiJ£h-as^gW^covereSitl^ . ^d,.a 
P^av yjegder cloth The clomruns over guide rollers and tension bars 
arid then over'tlfi^team box A pull roller pulls the cloth through the 
machine and a folding device folds the cloth evenly on a truck On 
some types of steaming machines a rotary brush is mounted behind the 
steam box, where the nap on fabrics like broadcloth is brushed and 
laid down after it passes over the steam box (See the previous sec- 
tion on brushmgj 

Anothernype ^^’Steamung.-machme^is. jcon structed espepally, for 
®^^^**^^*^J^,spongmg,puij)osps., The machine Kas'aT^^^ch working 
width and consists of three integral parts the steaming unit, the 
heating or shrinking table, and the cooling apparatus The cloth 
enters at the steaming unit, which consists of two copper steam boxes 
with ball-bearing idler rollers ahead and between the steam boxes 
From there the fabric is delivered onto the inclined heating table over 
the top of which it slides, almost no tension being exerted on the 
tahne while it is undergoing the actual shrinkage The heating table, 
which measures 60 inches by 72 inches, has a highly polished, heavy- 
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saage, copper plate, underneath which a series of steam-heating eoiU 

&rc locQitcd 1 ^ 11 n Qpfjiv wlicrc ^ few 

From this shrinking table the cloth falls a > , 
yards of the fabric are accumulated From the sc^^^ 

picked up again and brought trough^s connected to a 

comparable to a wide vacuum , -_-,7„i,iv cooled and set 

powerful suction blower, and the cloth oXiore it is 

before it is rolled up at the extreme end of underneath The 

folded onto a carriage folder operating oi h^s a 

driving mechanism is mounted ben^th the st ' minute 

variable-speed apparatus Its production is 8 to ) 
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F>g 19 Full-shnnk finishing machine {Courtesy Mawaco Mochmc Co) 

ponging The final decating operation, as 
a final touch, handle, and shrinkage to the cloth Different typ 

m^hines are employed (Figs 19 and 20) t c ripmtmp- ma- 

The important factors in the different types of ® ^ump 

chinery are the diameter of the decating cylinder, tje suctioi^P^^ ^P 
arrangement, and the means provided for decating t g 

'Mthout a leader Older machines have a small . r *i,£ 

'"*es in diameter, whereas on the newer ones the dimeter 
cylinder may be up to 40 inches It is easy to understand tha ^^ 
piece of cloth is wound on a small-size decating r cloth to 
'.'d^ ^ dun cotton leader, there is not much chance o 
shrink, especially m length The leader cloth cvlindS 

f ^'”hing On the other Lnd, if a cloth is w ound on a decadn^ cybnd 
ith a 40-inch diameter (also with a leader cloth) diere tWe. 

to®'’® ‘^^ndi on the roll due to the size of the cylinder and, ther 
cloth has a greater chance to shrink, especially 
napped cotton leader is used The handle and the touch var> 
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Fig 20 Open steamer with gmdcrs and platform 
{Courtesy Davtd Gessner Co ) 

leader In some cases no leader 

wl^h flip* cloth IS wound on a perforated cylinder, 
a heavv le^flpr^ covered with burlap and with 

wav tliroue-h enters this cylinder and forces its 

usuallv fSm inp t fi Steaming time depends on the result desired, 
SiU Tthp Lm P«n’P sucks the 

by this ooeration \v?, ™ the final finish is also obtainable 

It will takp nn a \ Steam IS entirely removed from the cloth 

removed a « the steam is only partly 

machine an addit^^*^*t^ Y* and by taking the cloth out of the 

mSure and1?p.f°”® take place due to the greater 

Slated ^d ^ ‘^^^th The take-out roller ^ also 

the cloth IS rnnipd K ^7 ^u air line to the suction jiump, where 
n«p L 1 over this roller 

by means ^of ^^ifdlpf ®o constructed that the cloth is carried 

adjustable nressniP^ through two decatmg tables that have an 
state over euidp From here it is carried in a loose 

and width ^an takp ^nfn the shrinking of the cloth in length 

cooling table wlitrk ^ freely Then the cloth is passed over a 
ing table, which is connected with an air suction pump The' air 
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from the room atmospheie is sucked thiough the cloth and extracts 
the remaining steam and heat from the cloth A greater shrinking 
effect can be obtained in this arrangement because the cloth is not 
prevented from shrinking by being rollefl with a leadci on a roller 
Also the desired finishing touch on the cloth is better controlled by 
the adjustment of the pressure airangemcnt on the decating tables 
In this operation the steam pressure should not exceed 30 jiounds 
1 he more moisture the steam contains the better the final result will be 

Examining 

'Ihis operation is pei formed sc\eral times during the Irnishing 
routines to detect imperfections, stains, and damages \\hich may 
have occurred during the finishing operations As a rule the cloth 
fhrough lr\o inspections nr wet finishing and three after dyeing 
the number of inspections neecssarr dcjicnds largely on the equip- 
ment of the plant and the skill of the workers on the machines 
In wet finishing one examination is practical after scouring, fulling, 
Slid carbonizing and one at the last stage before dyeing After dyeing 
!inu drying, the cloth has to be inspected for color and for any w nnklcs 
nhich may ha\c occurred An iii'-pection or the cloth is necessary 
mtir shearing to detect small knot holes, ml stains, and cuts 

ihc most import.mi of all examinations is the one at the end of 
_ h*”^hnig routine when the elolh is ihoinnglily insptcted lor all 
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introduced to the United States in 1902 by the Kauniagraph Company 
The diy transfer consists of a strip of tissue paper on ^\hlch a 
design, trade-mark, or description has been printed m fusible ink from 
a metal engraving When laid face downward on a piece of fabric 
and pressed with a heated iron, the fusible ink adheres securcl) to the 
fabric When the paper is lifted the design or printing has been 
transferred to the fabric 



Fig 21 Fulling numerals reproduced by means of a heated iron 
iCouUcsy JVarren Woolen Co) 


“f w'as originally done as a protective function, known as 

rutn markings, applied to the inside and the outside end of pieces 
e ea^e of marking with dry transfers has caused stamping to become 
much broader and of more informative significance In many mills 
s amping is the standard means of numbering, truth marking, and of 
shrinkage control and other identification purposes 
c processing of woolen goods The more informative 

use of stam Tpi n-g-to ^ljph'^he 
the along 

Stamping became a^uafSnteeTolthe cutter 
to content, shrinkage, and incorrect shade , a proof 

con«:ftfnI °^^®aler of authenticity of manufacture, and a guide to the 
consumer for quahtjr purchasing 
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Individual digits to make uji any required number can be repro- 
duced by means of a hot iron applied manually or automatically to a 
dr)’ transfer specially developed for this numbering process. The 
(Fig 22) is a device which can be adapted to many 
«otn-handhng machines or which can be built as a unit It is used 
r applying transfers at regular inicivals on a piece of material The 
ransfer m roll form is situated in the Transferotor. At predetermined 
ftf ^ 1 ^ ^nlf -contained electric iron applies the transfer to the web 
Cloth moving at speeds of SO to 100 yards per minute Frequently 
combined with measuring, folding, winding, and other cloth- 
diing operations The Transferotor olTcrs the advantage of close 

tissue with reproduction on the cloth at w'lde intervals, 
usually 1, 2 or yards. 



22 Marking during winding process Transferotor with dry transfer rolls 
(Courtesy R W Hull Co ) 

applied to the back or selvage of cloth by leading 
rollers^ Th, transfer roll into the calender stack or pressinl 

tSnsLT? the operation to awlTlhf 

Transfioto?^ method is more expensive than that^ oi the 

With thJ j® transfer printing is spaced on the paper to coincide 
equired spacing on the fabric, usually 18 or 36 inches 
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Measurmg-r.and-A^t eighin.g3 ija>DeGessai-v tO Lascertamjhe exact len gth 
of tKe^ J;lL ^ncl,j Jie.Aveight-^in-^otmces^per^vard ,Here, then, is the 
conti q 1 for the firushing opeu itigns-ior ^hi mkage .and-*weight-as-well 
as4hej30nfrorSI!!^^it,-count,of.yar-n,^nd numb er of_m clcs>an(L-ends^ 
If all the manufacturing opeiations are up to standa^,iherccaxect 
wei ght a nd shnlHlagej^t'fllC’finis^ wjUJn^icate'tljis In dojihlfi_ 

foldm^R^Cloth is rolled evenly on a cardboard m half the width and 
in rolling the cloth is rolled in full width on a tube 

In this final condition the cloth is dehveied to the merchandise de- 
partment for shipment to the trade 


CONDITIONING BEFORE CUTTING-UP 

Specially piepaicd with the co-op ei at i on of Leonard Garfunkel 

After woolen and worsted goods (either all wool oi wool with 
mixtures of othei fibers) leave the loom, they pass through the series 
of mill-finishing operations described in this chapter which render 
them salable The final preparatory phase through which these cloths 
should go befoie they can be used on the cutting table is an examina- 
tion and a thorough pieshnnking TJie- jexaminaho n pf-theH?oot^s 
consi5ls-oljthe,p. assage of all .n ieces lOieTotpr^dec^over a-.perc!L. 
B^ind the p^rgh-stands ^ skdled ^ns nector who is^esDonsibihtv:>it is 
to cat ch ev ei:y^mperf^ctioiL .and tp_jii(hCTte^ •y^ious damages jiy m- 
s^tijgg jjid tyin^ a jstxing-in-^ selvagoon-eitl^~^ige 


Examination of the Goods 

The examination defects fall int cutwo^ainncipal classes appare ljt 
oiN^v^^le'- d e f R ct s.aDd-Jatent. fl . ef . ec ts In the first class come various 
niispicks, bars, roweyncss, uneven filling, warp runners, holes, stains, 
shadiness of^color^-and— tentlerness The last two defects often 
can render^thc^goods—unmerchan table In the class of latent defects 
are included streaks, which appear after pressing and in the case of 
napped goods, pilling after less than reasonable wear, and undue 
fading of colors Washer streaks and lay wrinkles do not always 
appear in the goods when they aie perched or examined and often 
appear afterward as a latent defect 

Pas^jNe-t^iece-goods e.-now^^ subi ected to different preshrinking 
j^ierations ^\hIch are carried out by moSSn and efficient machinery 
VO principal methods of shrinking woolens and worsteds, contain- 
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nig all wool and also those containing \<*gclal)lc fibers and inamjnilatcd 
jams, arc used shrinking by licalnicnl with steam and sbrmking 
by treatment w'ltb cold water The latter is known as London shrinking 

Steam Shrinking 

Steam shrinking is carried out hj means of one of three machines, 
the choice of which depends on the character of the goods and its 
fiber contents 

1 JDicjopcn_s t camma aud jiooju u/ viathnic is used chiefly for coat- 
ings, overcoating and similar hca}^gdCfdS7*and“for-nappcd"and pile 
fabrics ^hrnmimrTcnburir'on'inic cloth and a proper cooling with 
suitable folding down attachments arc essential m obtaining satis- 
factory results w itli this method 

2 The cylinder steaming machine is used chiefly for men's suitings, 
tightly woven tweeds, and similar fabrics w'hich require stationary 
and double steaming These cloths arc properly cooled by being left 
for a sufficient length of time on wooden poles or rods on a cooling 
frame This machine also is used for fabrics containing vegetable 
fibers, which have a greater resistance to steam than wool and there- 
fore require a longer and more severe treatment 

3 The decaiing maclnnc contains a perforated cylinder (or a pair 
of cyhhd5rs)-ar0un'd wfiiclT7s w'ound a cotton leader of soft or hard 
character depending upon the finish desired on the goods Lightweight 
dress-goods-arg*“5etI LAv this process w ith a minimum shrinkage and 
a retention of their original appearance Coatings, requiring a high 
face-finish, particularly broadcloths, are also finished by this process 

Seimdecatmg is sometimes used on cloth which has been shrunk 
already, and which under the steaming process might regain some of 
1^ lost dimensions This regain would cause the finished garment to 
shrink again under dry cleaning In semidecating the cloth is put 
“lEaJlieJhqt leaders after the s team -hasJbee n, shut off. It ^s-not , 5^iih- 
jected toJ iSe-Stegm ' 

London Shrinking 

The second main process, also known as cold-water shrinking, is 
used primarily in the United States for fine men’s-wear worsteds 
It calls for three principal operations, namely, dampening, drying 
and refinislnng 

-1 Dampening. Dampening consists of wetting the goods in the 
following manner A raised platform from 3 to 6 yards in length is 



878 


American Wool Handbook 



used Cotton or woolen blank- 
ets are thoroughly wetted and 
constitute the medium for 
dampening A wet blanket is 
first laid on the platform and 
the first layer of the cloth is 
^ placed on top spread in full 
Wet blankets and cloth are al- 
ternately spread out oh the 
5 platform The number of lay- 
^2 ers of cloth as compared to the 
^ number of blankets used be- 
I tween them varies according 
^ to the weight of the fabric and 
^ IS governed by practical ex- 
1 penence When the requisite 
number of pieces is laid in be- 
^ tween the blankets, sufficient 
I weight IS put on top of the en- 
*1 tire pile so as to compress the 
c various layers and so that the 
I* wet blankets come in contact 
•i thoroughly and evenly with the 
^ cloth being processed The 
i cloth is allowed to remaujLiO 
•g this conditien-for"about.twjelve 
,3 hourSj^and*-then the dampened 
g^lotlfisjemoxed-from the plat- 
I foian. — 

■g In recent years an alternate 
method has been substituted 
tri fpr-tliis-hlanjket-treatipent The 
goods are subjected to direct 
fj; spray, or, in the case of heavy 
materials such as overcoating, 
they are passed through a tank 
of water In the latter case 
they are put through squeeze 
rollers before being hung to 
dry 
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2 Drynig Rryijijr js nccomplibhcd by hnngmf' the tl.unp«.ncd goods 
on sticks and in folds until Ibc) arc thoroughly dried by natural 
room air, or through the mcdiutn of forced air currents in regular 
T?*"^i automatic festoons equipped with steam coils 

y^losed::j3l^forccd*dr\ mg„apparalus-.which' gctieratcs heated air 
•sjnc,mcUiod~more'Oftcnji?j:d, because the clojh dncsjnoic^quickly 
; j ^j^^scquciitly sp eed s^ up p'ro"duction iTowcver, the open -d r y- 
o g'fl^Ppar^is with air circulators at the top and boitbirTloT the 
•'‘^•■^plflLmDxmgi^nT^iiaRirat^.ircgivcs'ttrtlrc’TJlbtlfa'^^ 

.c1oscd-..or,f orcc(bdj 3 jng;^§raWs 


lert W hen the cloth h as Jicen-coroplcMv-dncdjiLis^ub- 

r rf^i to bT draulic pressing For this purpose the cloth is 

faSi ^ Iccding TiarranSr placed alternately, m bookfold 

in dT’ especially made press boards At specific intervals, 

addition to top and bottom layers, are placed metal plates, preheated 
a convenient oven The entire setup of the cloth, boards, and plates 
is *’^'^ked into the hydraulic press and a pressure of 3.0 00 pounds 
conriff allowed to remain m this compressed 

^y^J2La!2QUt^cuJaJbyil\:<LJb^ It is then ready to be wound 
spindles or cores and brought back to the examiner for 
haw detection of any possible latent defects that might 

rent, during the process Finally, the cloth is rolled and 

easured, after which it is ready for the cutting table 


Degree of Fabric Shrinkage 


fabrics of the types usually treated by the 
m-shnnking method should average a ghnnWa ge , nf 1 ^ppr 
T^^jBfiJLsquar.e^jjl 3 i,^lt is not unusual, however, to find such fabrics 
mach ^11 5 inches in width alone Overtensionmg in the 

the V* dA^* * teria to stretch the goods' ahd''cause extra shrinkage in 


constructed fabrics when submitted to the London-shrink- 
Tf ? average a shrin kage of _a bput.fijieiu:eiiU3ei:-Sauare 

ther^^ n u shrunk by this method are also subjected to steaming 
causpc undue opening up of the fibers , this opening up 

unrfpr yardage resulting in further shrinkage in the goods 

Tli« pressing iron This applies to gabardines in particular 
eithpr ^®^”^”’cal “holding out” of fabrics during this conditioning 
steam ,?P machine or by applying half the normal 

p essure, will result in a fabric that will shrink further 


in 
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pressing or wear in wet weather This is a practice that should not 
be tolerated 

Excessive Mninkage of wool fabiics may be traced to one or inoie 
of the following causes 

j 1 Shpit fibers. ,in. Jhe ^aw_s tQck :^\jnch cay§e,^aJslting^^vhcn~f;hA 
nabriclaBu l^e^t^ to steam tneRUngnt^*^^ 

' 2 Loose a nd, .opetL> wjeave eff cc ts^^msuffiacntly bou»d.,OlL.ii?AJih 

3 Over£ul lmg^ (requiring consequent stretching to give the fabric 
deliverable and desired wndth) 

4 Reactipn,jpLcer,tain dj’estuffs ancLdiemicals on the fibers 

The steam treatment of 100 pci cent wool f abuts should generally 
ensure consumei satisfaction If, howevei, the fabrics contain cotton, 
rayon staple fiber, or othei fibers carded, blended or Avoven with 
the wool, they must be treated in a special manner that is predeter- 
mined by caieful analysis This is because of the varying resistance to 
shrinkage of the radically different fibers used in the construction of 
many present-day fabrics If.-the^ianipulated^fabrics-dcr'not 'react 
2g)per4y-itrN ^e^ miug, the f^acs^nust-be’^treated^by-the. London- 
shHflteng-nTaiioa'^ensdrrgatisfactdry results 

Unshrunk or improperly preshrunk wool fabrics are unsatisfactory 
to the cutter-up and the consumer because 

1 The fabric will not react properly under the hot iron when the 
garments are manufactured 

2 The garment Avill shrink ivhen the consumer sends it to the dry 
cleaner 

3 The garment will shrink when subjected to rain, excessive 
humidity or moisture in the air, and body peispiration 
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Chapter 21 

THE MANUFACTURE OP CARPETS AND RUGS 


m Uiemajjjufactuje^pXca and rugs are im- 

SPEUSt^cs.wliere thenalfve sheep pos^eggjrcgarsc3 vJry,. 
iSHSlj-flcfice American wools are too fine and soft to be used m 
carpets, but are employed primarily m clothing and knitting yarns 
_ domestic .wools thcA. -.w ould maL.down 

3Il~~SI£9ir-Y£ry rapidly Carpet wools range from 1 to 13 inches 
m Iength_apd-3EQm.,r5^ 70 microns m dianieterf^In adlditlon, the 
caqiet wools show’ a tremendous Tange of luster, strength, crimp 
and resilience characteristics 

1 lists most of the important varieties of carpet wools, 
the country of production, and character and usual grade of the 
wool Many of the wools included m this table come on the market 
ilS--Piiiie^^in,.,ojv^tannerIs^ ^qoI 


TABLE 1 


MAIN CARPET WOOLS 


Grades 


Length 

(inches) 


Afchamstan 
AlEihanistan 
Arabia 
Arabian 
ArEcntina 
B A S/6 ’b Fleece 
B A 5/6 B Nov 2d C 
B A 5/6'b Mar 2d C 
Cordova Fleece 
Cordova 2d Clip 
„ Cnolla 
British Isles 
Hadock 

^otch Blackface 
Bnglidi Wethers 
Radnor 
Scotch Cross 
Insh Kerry 
Welsh Mountain 


1 to 7 

1 to 8 

1 to n 
1 to 8 
1 to 5 
1 to 13 
1 to 6 
1 to 8 

1 to 14 
1 to 15 
I to 13 
1 to 10 
1 to 13 
I to 12 
1 to 10 


Yield 

(percent) Descriptions 


65 to 75 Long, ahitc, coarse, kempy 
65 to 75 Long, 1oft>, soft, medium 


68 to 75 
60 to 70 
67 to 72 
52 to 60 
48 to 55 
48 to 55 


^ng, silln , coarse 12 mo growth 
Coarse, silky 6 to 8 mo growth 
Coarse, silky 4 to 6 mo growth 
^ng, coarse, kerap> 12 mo fleece 
Coarse, kemp> 6 to 9 mo growth 
Long, medium, coarse 


75 to 85 
65 to 75 
65 to 75 
61 to 75 
65 to 75 
60 to 75 
60 to 75 


Coarse blackface type Pulled wool 
28 to 32 Very coarse with kemp and gtaj 
36 to 40 Cissabied Lustrous, long 
36 to 40 Welsh mountain Lustrous, long 
36 to 40 C rossbred Lustrous, long 
28 to 32 Meoium length Coarse, kempy 
28 to 52 IVelsh mountain Medium length 
Soft but spring} staple, kemp} 
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MAIN CARPCT WOOLS— (Confjnuftl) 


(itadti 


l^nctA 




iffld 

(ffrani) 


Dtteriflions 


I to 4 
1 to 4 


7S to 85 
75 to 85 


Hybnd fiber pirt coat Ixiw-ftrade kempy. 
Practicall) all kem^ Short 


1 to 4 


1 to8 
1 to 5 
1 to 5 


^ina Ihnnins 
J*ina Chmehow 
Wina Kooluns 
9y?aHailar- 

Manchurian 1 to 8 

|Cter“" IIS 5 


40 to 45 
60 to 65 


55 to 60 
45 to SO 
45 to SO 


Medium fine, kempy ^ . , „ , , 

Ver> fine, but kempy. Combed or pulled from 
aheep 


Loni: combiny leneth Medium coanie, kempy. 
A\ erase lenpth ^arre, ' ‘ 


_ , kempy carpet type 

A\ erase lensth Coanie, kemp> car^t type 


Mechwan 
Wooaun^ 
““nshai Skin 


•■aiiai axil 

China L^hs 
Cypraa 
-Cjrpnia 

« Egyptian 
Prance 
, Maaamet 

"'Bhatinda 
Bewar 
Bibru^ 
Paadka 
Njk Harnai 


1 to 6 
1 to8 
5 to 4 
1 to4 
t to4 


45 to SO 
SO to SS 
SO to SS 
45 to so 
SS to 60 
45 to SO 
SS to 60 
45 to 50 


At erase lenptb Very kempy > coarse wool 
At crape lensth Quite kempy, coarse wool 
Avemse lensth Medium amount kempy 
Southern a-ools not na kempy as northern 
As above More yellow. Ions 
As above Very yellow, solt, fine, few kemps 
As above Shorter, lune^pulled 
Very fine 


1 to 14 SO to 55 


1 to 8 6S to 8S 


1 to 4 75 to 90 


Laos, coarse carpet 
Medium lensth, coarse 

Blend of vanoas pulled, medium coarse nools 


65 to 85 
70 to 85 
65 to 85 
70 to 85 
75 to 85 


1 to 10 
1 to 14 


■Jiieanere' 
lraq~~i'» < ^ 

Awaesi 
Karadi 
Morocco 
..Mwocco 

New Zealand 

Persian 
Bagdad 

Pote°““ 

Cburra 
^Oporto 
Hussia 
^ Donakoi 

Spam — 

itoio 

Medium 

opanish Pyrenees 
Coarse 


140 4 65 to 85. 

1 to G 65 to 85 


1 to 7 70 to 85 


Medium length, resilient, lofty 
As above 
As above 
As above 
As above 

,~Very kempy, straight 
Medium length, lofty, resilient, some kemp 
Medium length, lofty wool 


65 to 85 
70 to 90 


Medium fine, lofty Of the better carpet type 
~ ■ nbii 


1 to 10 45 to 65 


1 to 12 65 to 75 


1 to 8 70 to 70 


Coarse, long combing 
Medium length, medium fine, very lofty 
368 to 40s Medium, lustrous 
36s to 40 b Short wool 


1 to 8 
1 to 8 
1 to 8 


65 to 85 
65 to 85 
65 to 85 


Good carpet types Good length, lofty, resilient 
Good carpet types Good length, lofty, resilient 
Good carpet types Good length, lofty, resilient 


1 to 14 
1 to 14 


35 to 80 
35 to 80 


Very long, coarse, yellow with red hair 
Very long, coarse, yellow with red hair 


65 to 85 


65 to 85 


40 to 55 


1 to 12' 45 to 60 


1 to 14 50 to 65 


Medium length and fineness, white wool 
As above 

Medium length, medium fineness, good resilient 
Long, slightly coarse, strong wool 
Very long very coarse 


N 


m 
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MAIN CARPET WOOLS — {Conttnued) 


Grades 

Linglh 

(.inches) 

Yield 
(per cent) 

Synir«"*> 

CAlep^ji- 

1 to 14 

SS to 90 

TJantascuB 

1 to 12 

SS to 90 

Syrian 

1 to 12 

55 to 90 

Turkey 

Anatolian 

1 to 12 

40 to 60 

Smyrna 

1 to 12 

40 to 60 

Kassapbatchi 

'Tibet 

Tibet 

— 

40 to 60 

1 to 10 

5S to 70 

Urueuay 

Montevideo 


60 tn 7.<; 

Central Curope 

Zackel 

1 to 14 

50 to 90 


Detertpltons 


L>ng combing length, very resilient 
Long combing length, very resilient 
Long combing length, verj resilient 

^ng, medium hne wool 
Long, medium fine iiool 
Long, medium fine skin iiool 

Soft 

36s to 40s Lustrous, long, strong 
Long, very hairy, and coarse wool 


Source Alexander Smith & Sons Carpet Companj. 


Analysis of Carpet Wools 

It has already been pointed out that carpet wools are of the mixed 
wool type and consis.t of.a mixture of, , true. .W>oU hair, including 
hej^typicsl%rs,.,andkemp. 

stiSv^nf f i carpet wool type, made a 

vSiPrP of Chmese wools and compared them with 

»JLi£S5S*^^S!i.AlePPP wools, which wpri> mncirloroS .„.11 tn 


> typ= of Tibetan 

Sining wool is a mixture of true Sining and Kansu 

Wended wuhTA^Sn'^lils'''"”' *''' 

which wools come from tlie province after 

Shanghai and^are shorrin slanl* neighborhood of 

in carpet makinv Thi.. . staple and suitable onij for filling wools 
rarpe?woote ® ™ os one of the poorest 


6,_.\jca n rrc v.(»i >| ?' trt lji‘Ua^ an4 j*i one of 

the fin cst"rir^>ci It ja e,\eeinirrnallj live!) j«nd lefty. 

7 Alcpivr\sool h prown in Syrn, Ami Mnmr, and i*? con«:idcrrd 
one of the l>citcr c.irpct wool'; It h.T" {food Inipih .>nd ><; well 
hnown for its color, ‘'ticnf'th, and rf'-djtiuc 

8 KJllv^ZcalandJlaujuty_y.jool ;s.au jmstrovcdAvpc-of wool^suni- 
lar m ixpc.to carpet wools bnl more uinfor/n It is included in this 
study to represent a tjpc of improved wool suit.ihlc for use m carpet 
manufacture. It is simdar to the South American wools r»rown 
mainly by Lincolns, which nic now furnishing' a l.irfic part of the 
carpet wool imports to the llrutcd States 

Chen established the mam characteristics of these \anons samples 
and his results arc tabulated m Tables 2 and 
Burns, Johnston, and Chen have found certain derinilc rela- 
tionships between objective tests m the l.iboratory and subjective 
tests by dealers and mills and these relationships have been incor- 
porated m the following tentative guide of wool type for carpet 
Wool producers 


TABLE 2 

percentages op each fiber type in carpet wools, deter- 
mined BY COUNTING AND WEIGHING 





Types of Fibers 




Wool Types 

True Wool 

Helerolype 

Kemp 

Colored 

By 

By 

By 

By 

By 

By 

By 

By 


Count 

Weight 

Count 

Weight 

Count 

Weight Count 

Weight 

Romney 

I-AniAow 

True Sining 

Szechwan 

Mixed Sining 

Woosung 

Aleppo 

^^^ere_ 

100 00 

100 00 

— - 


_ 

__ 



91 03 

74 49 

5 89 

13 18 

3 08 

12 33 

0 00 

0 00 

88 65 

42 84 

9 14 

4619 

012 

0 23 

2 09 

10 74 

87 12 

57 65 

5 80 

27 85 

7 08 

14 50 

0 00 

0 00 

84 66 

61 51 

3 93 

16 42 

1135 

22 02 

0 06 

0 05 

83 72 

55 56 

0 00 

0 00 

16 27 

44 37 

0 01 

0 07 

74 69 

43 82 

18 87 

52 30 

2 86 

3 IS 

3 58 

0 73 

59.22. 

-.-23J3_ 

-j10 67 

__7J5 67_ 

_0.11... 

_0.14>, 
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TABLE 3 

fiber thickness and length op carpet wools 


True Wool Fiber Heterolypical Fiber Kemp* 


Wool Types 

Thick- 

Lenglh 

Thick- 

Length 

Thick- 

Length 

ness 

Stretched 

ness 

Stretched 

ness 

Stretched 


(microns) 

(inches) 

(microns) 

(inches) 

(microns) 

(inches) 

Romney 

Aleppo 

32 

24 

87 

55 

41 

88 

39 6 

20 

Szechwan 

20 6 

48 

33 3 

85 

25 8 

2 7 

Lanchow 

19 6 

43 

21 1 

4 1 

27 5 

20 

True Sining 

17 S 

44 

36 3 

85 

28 4 

— 

Mixed Sining 

17 4 

32 

32 4 

78 

24 

Vicanere 

17 4 

29 

2S1 

47 

— 

— 

Woosung 

16 3 

28 

— 

— 

29 9 

1 3 


* Kemp thickness is arithmetic average of three parts of fiber 



1 An ideal carpet t\ool should contain at least 15 per cent by count or 
35 per cent by weight of heterotypical fibers These fibers should have an 
average thickness of at least 30 f», and the fiber sizes should not vary more 
than 15 per cent The average length of these fibers should be at least 4 in 
for normal growth (12 months), and the variabihtj of the fiber length 
should be less than 20 per cent 

2 An ideal carpet wool should contain not more than 2 per cent by count 
or 4 per cent by weight of kemp fibers The dimensional characteristics of 
the kemp fibers are not so important The important thing is to eliminate 
kemp from the fleeces, and this can be done, according to the experimental 
work carried out by Bi^ant (1933) working with Scotch blackface sheep 

3 An ideal carpet wool should contain not more than 85 per cent by count 
or 65 per cent by weight of true wool fibers These fibers should have an 
average thickness not exceeding 25 4 p, and their variation in fiber thickness 
should not exceed 25 per cent Th^ should have an average length of at 
least 4 m for normal growth (12 months), and the variation in fiber length 
should not exceed 25 per cent 


The principal geographical sources of carpet wools for the Amer- 
ican market are British East India, Near East, including Iran, 
Armenia, Turkey, Iraq, Syria, Arabia, the North African coun- 
tnes, the British Isles, and South America Each of these geo- 
graphical areas raises several different breeds of sheep suitable for 
carpet wool purposes , thus in any one area the quality characteris- 
tics of these wools and their values for carpet use vary greatly 
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The method of grading and marketing carpet wools differs in 
each geographical area In general there are two main classifications 
— shorn wool and pulled wool, and these are further divided into 
greasy wools and scoured wools The shorn wools are graded into 
different classes depending upon the country involved, such as 
fleece, second clip, lambs’ wool, pieces and matchings, locks, tufts, 
brokes, crutchings, cots, and britdi, and into color classifications 
of white, fawn, gray, mixed lots, etc 
Table 4, worked out by Alexander Smith & Sons Carpet Co , 
gives some fiber characteristics observed in wools from the geo- 
graphical areas: 


TABLE 4 

PRINCIPAL CARPET WOOL CHARACTERISTICS 



Average 

Coeff of 

Kemp 


Ftneneas * 

VartaHon 

(par cent 


irmcrone) 

(per cent) 

hy weight) 

New Zealand 

30 0 to 40 0 

20 to 30 

1 to 4 

China 

20 0 to 30 0 

30 to 75 

Ito 10 

Bntish East India 

25 0 to 40 0 

25 to 50 

lto30 

Near East 

25 0 to 35 0 

30 to 45 

lto8 

North Africa 

25 0 to 35 0 

25 to 45 

1 to 6 

Bntish Isles 

30 0 to 40 0 

25 to 50 

Ito 15 

South Amenca 

30 0 to 40 0 

15 to 50 

1 to3 


Including true wool fibers, beterotypical fibers, and kemp fibers 


In general the wools from South America and the British Isles and 
New Zealand are the coarsest and longest of carpet wools As can 
oe seen from the variability of fiber diameter shown in the table 
RDOve, the chief characteristic of carpet wool types is a wide distri- 
bution of fiber diameter within fleeces and lots, with the greatest 
variability m the China types and the lowest in New Zealand and 
oouth American breeds. 


Blending of Carpet Wools 





are 


laLiwi lu^uc^i-uwsiucrcu^ iii. wuuis lor C3.rpet 
pjcjjams Since no orie gra3e of woorcontams all oT th"ese charac- 
cnstics in the desired degree, lUs common pjaGticg^o. blend several- 
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.obtain these desired characteristics An- 
wbois olE ‘’several "’districts is that the 

vary from season to season depending 

upon the weather and grazing conditions Thus, blending makes it 
possible by proper adjustment of the mix, to keep the yam charac- 
teristics constant in spite of seasonal variations in the individual 
wools 


othe^eason for^Iaidmg 
within a district will 


Carpet Yarns 

Woolen and worsted yarns used in carpet and rug manufacture 
are much heavier in size than those used m the wearing apparel 
industry Woolen clothing yarns may vary from 48 to 64 Typp* 
(3 to 4 runf), while woolen carpet yams are usually 16 to 24 
Typp (10 to 15 run) The same difference is noted in worsted 
yams Worsted clothing yarns are spun as fine as 44 8 Typp (80s 
worsted countj), while worsted yams used in carpets are seldom 
finer than 90 Typp (16s worsted count) Table S gives the approxi- 
mate counts, ply, strength, and twist of common carpet pile yams 

* Thousands of yards per pound 
t Run number of 1,600 yard hanks of yarn per pound 
t Worsted count— number of S60 yard hanks per pound 


TABLE 5 


DATA ON WOOLEN YARNS USED IN CARPETS AND RUGS 


Grade T YPP 


AXMINSTER 
Light yarn 
Medium yam 
Heavy yarn 
BROADLOOM 


Light yam 
Medium yam 
Heavj' yam 
JACQUARD 
Light yam 
hicdium yam 
Heavy ^am 
CHENILLE 


Light yam 
hlcdium yarn 
Heavy yarn 


2 4 
1 9 
1 7 

1 55 
19 
1 7 

182 

19 

17 

24 
19 
1 7 


• Skein break of IS-yard skems 


Run Ply 

150 3 

1 19 2 

106 4 

97 2 

1 19 3 

106 4 


1 14 2 

1 19 3 

106 4 

150 3 

1 19 3 

106 4 


viound on 1}4 yard reel 


Tenstle 

Stren^h, 

Pounas* 

Tmsl *n 
Ply per 

Inch 

65 

J^3 

40 

200 


90 

H-3 

110 

H-3 

200 

^3 

80 

H"3 

no 

H-3 

200 

}^3 

65 

J^3 

80 

H-3 

200 

M-3 
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Besides the woolen and worsted yarns used m the pile of carpets 
and rugs, thexc-are-cottonnute,* woolen, and .even linen^yarns^used 
in makings the back, structure These yarns form the filling (weft) 
and warp The characteristics of these yarns are given in Table 6 


TABLE 6 


yarns in the back structure op carpets and rugs 



pilling yarns 

Uotton 

Jute 

Wool 

^otton 

Jute 

_Wool 

^arp yarns 

Lutton 

Jute 


Count* 

Ply 

ll’s-4’s 

3-6 

3Jf-21 

1-2 

16-8 

1-4 

10-9 

1 

ll’s-4’s 

3-6 

11-21 

1-2 

16-8 

1-4 

ll’s-4’s 

3-6 

3)^21 

1-2 


Number of 

Tensile 

Ends Used 

Strength^ 

1-2 

6-16 

1-2 

10-27 

1 

6- 8 

1 

7-10 

1-4 

6-16 

1^ 

14-27 

1-3 

Ar- 6 

1-4 

6-16 

1-4 

10-27 


# Til 

e eounta used m each case is the count for that fiber, namely 
^otton— number of 840 yard hanks of yarn per pound 
j '£.*•8^1 of 14,400 yards of yam 

t Tensile Kraftcotd— Typp or thousands of yards of yarn per pound 

strength is given as the single end break 


Paner^^ more common yarns listed in the table, sisal, ramie, 
POfch yarns are used in the manufacture of summer and 


Weaving and Construction of Wilton Carpets 


strurti.r^^ ^”1^’ "stuffer” yarns actually form the back 

(weft'l*^^ carpet and constitute the "weave” The filling 

whilp those yarns runnmg across the width of the fabric, 

warn V ^ stuffer yarns he lengthwise in the fabric The 

Ihreaderf*^*fh sections, alternating warp ends being 

hvo wa alternating harnesses in the loom , thus with the 

shann/i "^rnesses m the high and low position respectively, a V- 
serted called the "shed” is formed The filling yarn is in- 

"’^rp opening or shed The stuffer yarns are actually 

P yarns that he lengthwise in the carpet However, they are not 



used pnmanly to bind in Ae filling yams as are t 
but raAer to give *e fabric body or handle 


are the warp binder 


The Jacquard Loom 


The Tacquard-l(}om,v*which is.used-vto man,ufactur.e .Brussels, and 
Wjl]tc 5 ii^r,petsr«*s limited as to the number of different colors re- 
quired in forming the pattern Warp and stuff er yams for Jacquard 
weaving are wound on large spools or beams Each beam runs 
across the whole width of the loom, the number of ends on the beam 
being equal to the pitch (number of ends m the width) of the fabric 
which IS to be woven For example, a three-quarter 256 pitch fabric 
with a double warp and a three-end stuff er will have 512 ends on 
the warp beam, and 768 ends on the stuffer beam (See page 718) 
These yams are sized before winding on the beam to impart stiff- 
ness to them and subsequently to the carpet, and to reduce the 
chafing on the yarns as they pass through the loom harness and 
heddles during the weaving process This process of warp sizing is 
known as slashing and the machine used m applying the size is 
called a “slasher " 


The filling or weft yarn is wound into small packages which fit 
into the loom shuttle These packages, called "cops,” are sized, and 
conditioned to high moisture content, and the yarn woven into the 
carpet 


The pattern of the fabric is controlled through the Jacquard 
mechanism by the Jacquard card (Fig 1) These cards are punched 
with the proper distribution of control perforations by highly skilled 
operators working from the design pattern Each card controls the 2 
to 6 frames of pile tufts 
appearing m one row of 
pile tufts across 9 inches 
of carpet Sufficient 
cards are prepared to 
control the rows m one 
entire repeat of the 
pattern cwor noLc* 


ooooo ooooo o 
Oooo oooo ooooo 
oooooooooo ooo< 
^..o oo ooooooo o 
oooo ooooooo 
ooo ooooo oooo 
ooooooooooo oo; 
o ooooo ooooo 
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The card shown in ^ Section of Jacquard card 

Fig 1 IS actually divided into two sections to give more strength 
fifth longfitudinal rows of holes control the first frame 
_£ yarn, the second and sixth row's, the second frame, 
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etc. The fifth frame on the Crosicy Jacquard is automatically con- 
trolled. Wherever tlic other four frames arc not used for a tuit oi 
a row, the fifth frame is drawn into the pile surface. Referring 

.. * . _ .. . ^ m . 4 . livff t/^ 


as follows: 

1 — ^Sth frame or 

color 

nnd 16 — Ith frame 

2— 5th 

If 

tt 

If 

17— 1st 

(f 

3— 1st 

H 

tt 

a 

18— 3rd 

II 

4 — 1st 

II 

a 

a 

19— 3rd 

II 

5 — 1st 

II 

II 

u 

20— 3rd 

tt 

6— 5th 

If 

tt 

tt 

21— 3rd 

a 

7 — ^3rd 

if 

u 

tt 

22— 2nd 

a 

8— 3rd 

If 

a 

u 

23— 2nd 

a 

9-4th 

If 

tt 

a 

24— 2nd 

tt 

10— 1st 

II 

tt 

II 

25— 2nd 

tt 

11— 4th 

If 

a 

tt 

26— 1st 

tt 

12— 4th 

H 

If 

tt 

27— 5th 

If 

13— 4th 

If 

If 

tt 

28— 4th 

If 

14— 4th 

fl 

If 

u 

29— 1st 

If 

15 — 4th 

If 

a 

tt 

30— 1st 

If 


tt 

a 

u 

If 

If 

If 

If 

If 

If 

If 

If 

II 

If 

ft 


N 

If 

n 

M 

If 

If 

If 

If 

It 

n 

If 

If 

If 

If 


T Thrt dMcnption applies directly to the Crosley type Jaequard The Halton type 
jwquara is sitnilar in principle altbough dilferent in several details 

’The pile yarn, usually woolen or worsted, is wound onto small 
individual bobbins or spools which will be placed in the frames or 
racks behind the loom E^ch bobbin holds about 7 ounces ^ yarn 
Upproximately 275 yards) One frame holds as many bobbins as 
here are ends of pile yarn in the width of the carpet Tl^refore, 
ft, ^ IS 36 inches wide and has 8 ends per inch (pit^ of o) , 
were will be 8 X 36 or 288 bobbins or spools in the frame Jacquard 
abrics are usually woven with two to six frames of pile yarn 
^ame of yam is usually one solid color, although different shades 
way be placed m a frame to give the effect of more frames thus 
a more colorful pattern This is known as “planting 
aen a loom is set up for weaving, the frame spools or bobbins 
as desired Figure 2 shows a thme^rame 
Pde yam is placed m the frames A, and 
thrm ^’'^aded through their specified harness Gi, Ga, Ggi then 
and onto spike roll K The warp and stuff er yams 
Sd through harnesses F„ F*. F*, and then through the 

and onto the spike roll The three-frame fabric as shown will 
varne®^ strands of yarn m each reed dent or space--three pile 
' two warp yarns, and one or more stuffer yarn ends 
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Fig 2 Diagram of Jacquard carpet \vea\mg 


f cross-section of the Jacquard head mecha- 
revolvinjr arr.*^ ^ Jacquards” are m a continuous chain 

S eaS ^ The cylinder is perforated 

the card^ajrainct possible hol^ m the card The cylinder presses 
nSd^rfo™,^ f 5’ ®° *3t there IS one 

will contact position on the loom Some needles 

pass thrnnli? a ^ '^"Pf forated positions on the card Some will 

^ cylinder, and therefore 

do not move in relation to the leveling board 

displaced'^ariff strikes a blank space m the card the needle is 

in needle D toward the leveling board, displacing the eye 

will be cau^hr nf I that knot F Vn cord I 

Wh Ch havf bUn ?’ the lash board is raised Cords 

^ icn have been caught in the lash board are raised cariying with 
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Fig 3 
Details of 
heddle control 
in Jacquaid loom 


^ iHor 


ntc nirr 


respective yarns which they control while the remaining 
structure with the stufFer yarn When the 
as thf* are raised, a "pile wire” is inserted in the shed and, 

loop .s fSiS 0^^ aTS''' s«bs=q«ntly dropped, a 

"lore rows are >voven 
drawn*^!^ ^ is with- 

I" Wilton 

'MthdrV^^ ^^re is I 

loon tc 4 . Brussels carpet the . /sy L\ 
thrcc-fram°n wi 2 shows a 

framVlSIl first ^ W 

and^thrS. forming the pile tuft 
a?^In^ ^'yo frames G, and G, 

The rn carpet 

<hc bottniJf ^""Wlfaneously when 
FiPiire”' 5 ‘"I inserted 

^ shows cross-sectional 



J ^MOT WtAVg 


Pux Ttfrr 


'lews of \tM cross-sectional ^ 'w 

a i eras,- 


yjtffn 

WMf* 


>■««% d.^gna.ed'^s Zl Si 
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shot” or "three shot,” depending on the number of picks or “shots 
of filling yam to each row of pile yarn. 


Velvet and Tapestry Carpets and Rugs 

Velvet and tapestry rugs in past years were generally figured or 
pattei ned rugs, but in rug form today these are not as popular as 
patterned goods of Axminster and Wilton tjTpes The velvet drum- 
dyed pattern types are still pre-eminent in installations of long- 
weanng carpet in pattern form in public buildings and theaters 
Velvet looms today are used primarily for weaving one-color 
fabrics 

The yarn for plain velvet carpets and rugs is dyed normally ui the 
raw stock form, that is, before the raw wool is carded or spun 
into jarn or m the skem Raw stock dyeing is preferable for large 
lots as it IS possible to get a level color over a very large batch o 
yam As much as 100,000 pounds of wool is dyed one color and then 
blended, carded, and spun into \am It is possible to obtain unifoi^ 
shades by proper blending and* picking of the dyed batches If 
yam of the plain velvet is dyed in the skein form, the nomial 
size is around 1,000 pounds, although larger batches are possible wit 
special equipment 

Those velvet and tapestry fabrics woven with a pattern for com- 
' mercial carpet use are manufactured by dyeing the desired colors on 
the yarn before it is woven 

' "White yam is wound on large cylinders or drums The circum^ 
''e of the drum is equivalent to the length of the yam necessao' 
weave one warpwise row in the length of the mg, or for one pat' 
m repeat in the carpet The drams range from 4 to 18 feet m t 
••Pier The yam is w'ound in such a way that its strands he side ^ 
;de in a single sheet across die entire width of the drum One drot” 
-of yam must be printed for each warpwise row in the width o t 
fabric. For a 9 foot wide fabric having eight warpwise rows p 
inch (8 pitch) there must be 8 x 108 or 864 drams of yam 
As a full drum will hold upward of 800 complete parallel, and 
^plicate, ends of yam, the yam printed will be used in 800 rugs, 
if the pattern is symmetrical about the center, in 400 rugs 
Beneath the printing dram is a track or carriage which ho s 



SrrciXmp'jn M •*’ «'ith ^iinrchc-; mitJ p.m,s 

turnmp of <^arriaKc is elrivcii across under the drmn’ The 

ot the drum is cnmi»lcte revolution 

T'hc color nrr.r.”^^ *■ I’ ^Pl’j' ’"K 0”*^ cotor where it is required 
die proper noinis ^oriJ ehaiiKed and the next color applied at 
®PpIy the lipht r/ii circuni/crcnce It is tonimon jinicine to 

reduces 10^10^ /’V' ‘ ^ack 

AU^rT ; ^ “-’"denej of the colors lo run 

'nto skeins^ removed from^Ilf /he jam is separated 

screen-bottomed tn« fc , '« long shallow 

fhon of w-cTstcam\. i c t ! ‘'‘""a R’ apph- 

'» '“TO the dSmd’Mite7r,i.d'’i'f“‘’ '™"’= '" p“'‘™ 

h“ni Thegr<atei„?®'i“™ f'', *"' S'?™ '? ont” «« loom 

matched Of course Hiff/f fallen that the pattern is in register, 
!? alter the lengths of >n stretch of individual yarns tend 
»« "f « st?oZ„ color bands Ihns tendm^ to thmtv 
®topped and the pattern V * L® ^ ^ beaming machine is 

£°” “«> 'he '’■fcccocc between the 

« no S'P' ?« «''« 

"'snt on the””'? mceba- 
The S,« t^™' ’“O'" 

Phen and 

S“” “ driveS^ v?®*” 

^be yam harnesses 

wafp 3'"«artothe 


.G PitC yjt fff, 

£ MIPP 

^ STijp-fe-ft 



Fig S 


HiHatl, 

HAPHrsa 

Diagram of velvet weaving 
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Figure 5 is a cross 'section of a typical velvet fabric showing pile 
A as woven into the fabric with pile wires B still in tlie loops of the 
pile }-arn, filler C, reed D double warp E, which work in harnesses 
H, and H 3 . and stuffer F, A\lnch works through the same harness as 
the pile jam in harness 

Figure 6 shows a cross-section Niew of two- and three-shot 
velvet constructions. 

The stuffer in velvet carpets 
sometimes contains colored j'ams, 
cotton jute, or woolen to simu- 
late a Wilton back Some figured 
velvet carpets up to 9 feet wide 
and rugs up to the 9- by 12-foot 
size are produced by wearing the 
velvet carpet either m greige or 
m all-o\ er colors and then print- 
ing with intaglio engraved rolls 
in print machines similar to the 
calico print machines except that 
they are considerably larger in 
size After pnnting the carpet is 
aged in an ager and tnen dried. 






V >0 >e "'or 




\s/ No/ \s/ 




Fig. 6 Cross section of i>vo-shot and 
three-shot velvet weave. 


Axminster Carpet 

Axminster fabrics are woven on looms, which, „altliough thej have 
some of the char actcn sUcs of the. Wilton .loom, still h;a.veJaecome 
sufficiently ^iffermirthrough'-American invention to separate them 
intO'a' ’different class Axminster looms have long spools on which 
the required number of ends of yam are wound to supply the tufts 
across the pattern in one row' &ids of different color are selected 
and arranged in the same order along the spool as they are to appear 
across the row of carpet This operation of winding the loom spools 
IS known as "setting.” 

The setting is usually done first on 27- or 36-inch-long spools, 
and if the loom is wider than this, two, three, four, or even more 
sp^ls arc joined together to make up the required width Tlie ma* 
chirie cmploved in winding tlie spools is known as an Axminster 
setting frame The setting frame consists of a bank or tray of 
sp’itoles to hold the spools of supply v"am representing the required 
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Fig 7 Velvet loom showing shuttle in shed 
. (Courtesy Bigelow-Sanjord Carpet Company, Inc ) 

*^ined or f reeds to hold the ends of yarn in any predeter- 
the t to wind the yarn on the setting spool 

order along the length of the spool 
Peaces on fh ^ painted design, the operator (setter) 

ffrst tiiff ^ spool yam of the color represented in 

®pindle a ««« i” r ^ design paper, on the second 

’n the first Tn° e color represented by the second tuft 

the snin/li2I t P"^; so on until yarn spools have been placed 
desien na? tuft of yam represented by the first row of 

’n their corr,.?^ j ■ ^1" threaded through the reed 

^^®t of each ^ri° c wound onto the setting spool Usually 22 

« wound on each spool This is sufficient 
After all Vi, *e pattern 

placed in ® pattern have been wound, they 

'Arcaded ihroupR^ tube frames, and each individual end 

gh a separate tube. These tubes serve to separate and 
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guide the yarns as they are inserted into the fabric. The tube frames 
are placed between two endless chains 

Figure 8 shows the four primary types of Axminster weaves 
regular, two-plane, Imperial, and Oriental (pattern-through-to-the- 
back) . 
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Fig 8 Diagrams of Axminster weaves 

An early English-type Axminster loom which is still used to some 
petent has a. Jacquard to select the pile The disadvantages of this 
loom over the American type just described are that fewer colors 
can be used m forming the design, and that machme speeds are 
slower 

ISCQ^S’TtLAxmin^rjOom, the yam is wound 
on bobbins and placed in frames as for Wilton weaving The 
Jacquard is controlled by cards the same as the Wilton loom The 
pi e y^n the bobbins is threaded through a series of eyes in 
slats Jiach slat represents one warpwise row of pile tufts, and has 
ve or six eyes m a vertical row through which the pile yam ends 

Tn^ frames of yam behind the loom 

in weaving, the Jacquard, controlled by cords as on the Wilton 

slats SO that the correct color is raised to 
acr^s the loom A series of grippers grasp 

^ ®ach end, hSd it until 

cut, and then insert the j-am into the fabric 


v^nemlie Carpet 

unhmne!!^ rnW *■ ®*"^**®r to Axminster carpet in that there ar< 

Chenille i<? timnn possible in forming the pattern 

, to being inserted^So^he^^t^er 


Ma.NUIACIURL 01 CARl'LTb AND RuCS 


899 


The pile }am is woven on a flat loom (chenille blanket loom) 
using fine cotton warps and woolen filling yarn The warp yams 
are placed in groups of six and each group is spaced some distance 
apart The distance between the groups of warp yarns governs the 
kngth of the tuft in the finished carpet The filling yarn used on 
the flat loom is the woolen or worsted }arn which will become the 
pile yam m the finished carpet The filling }arn is wound into cops 
and used in shuttles as usual in a plain, flat-weave loom Each shot 
of filling represents one potential tuft of jam 
The blanket is made up weaving pick after pick of w'oolen yarn in 
Ine various colors as determined by the pattern As in the Axminster 
*c^^**\^ the operator works across the colored design, changing his 
a uttle each time the color in the design changes The blanket has as 
^thng yarn picks as there are to be tufts in the width of the 
nished carpet The rows per inch on the blanket loom vary from 
on to twenty or more depending upon the quality to be woven, and 
employed Thc-CDtton-Avarps are usually woven 
A tq^nii-theT>ile-yarn more firmly 

mu ^ f t iswovSirTor each row m the lengthwise repeat of the 
mss ? finished carpet After the blankets are woven they are 
cut ^firough a machine w'lth revolving knives, which carefully 
blanV f jnto strips Great care must be taken to cut the 

yam, ffic center between the groups of binder warp 

roll then moistened and passed over a grooved 

to L ‘ j V presses the flat bands of "fur” into a V-shape ready 
a row of pile tufts 

a finp rised in the manufacture of chenille carpet has 

The sti ff warp, a "chain” warp, and the usual "stuffer” warp 
othpr 1. warp is usually coarse woolen or jute yarn, while the 
Y^ps are cotton 

if a flat loom except that the chenille fur is 

*0 four catcher warp to form the pile Usually there are two 

chenili filling yarn in the back or basic weave to each row 
Watered iiu * rt! bound by tihe catcher warp The chenille fur is 
®^opped a ^^^ric while the catcher warp is raised, and the loom 
stand 1 niatch the preceding row, and combed 

per ihqJj P*'’Sht Usually four to eight rows of fur are inserted 

•Rc 

^iaiilar to These rugs, usually bath mats, are made 

^ ^'Shaop n*^^***^*^ chenille rugs except that the fur is not folded into 
both sidp woven flat so that the pattern appears 

s of the finished fabric — whence its name 
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Punched Felt Hugs 

During the last few years a new t ype of rug — the punched , f elt 
rug — ^has increased greatly, m po pii larity .This is an inexpensive rug 
having^ a design printed ,Qr„ stenc^djonto a punched felt Tlie-£eltjS' 
usually made with ^ute or hair web oiTHcirsideljT a light burlap 
Tliig'^lt.^JIoom. consists of a board containinjf rows, o f barb ed 
needlej j wh ich^are^ rapidly and repeatedly pushed througH "Sieweb 
a'ndTmriap The barbs cn the needles catch the fibers and push them 
through the burlap, tlius binding the entire web to the burlap The 
f elt^-th,^assed tliTO^h a har^ner,_\\ hich^bj 
fla.ttcp5 'ana smpothensjBe^u rface . Adhesivssju^japplwd^o-inccease 
the J)md^o&SG!Oabric,^and^to„impr.ov,e Jts..IIhandle ” 

“*The design may be applied by a rotary' printer, similar to, but 
much larger than, those used in printing cloth (the print rolls must 
be 12 feet in circumference for pnntmg 9- by 12-foot rugs), or may 
be printed on a flat-bed printer 


Flat Weave Hugs 

These rugs are used mainly on porches and sunrooms during the 
summer months They are woven on flat shuttle or needle looms 
They are made using hemp, sisal, ramie, jute, grass, wool, cotton, 
paper, or similar yarns 


Nonraveling Carpet 

A type of velvet-construction, plain-color carpet in various tex- 
developed m more recent years as a construction 
whim permits cutting of the carpet to any desired size or shape 
without raveling The pile yam is woven through to the back and 
the carpet is coated on the back with an adhesive which binds the 
labric securely together Patterns are formed by sealing abutted 
edges togemer with tape and cement This permits of special de- 
signs of individual patterns, such as seals, coats of arms, or patterns 
especially designed for an irregular shape of room 


I^nishing of Carpets 

^rpets and rugs receive several fimshmg processes after weav- 
snf shipped from the mill They are closely in- 

P y burlers or pickers,” who insert any missing or misplaced 
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tufts, repair any broken warp, filling, or stuffer yarns, and m general 
eliminate the minor errors, which always take place in the weaving 
The carpets are then sheared A shearing machine has revolving, 
spiral knives which rotate tangent to a flat knife blade, similar to the 
action of a lawn mower This cuts all the projecting yarn ends and 
leaves a smooth, flat, pile surface After shearing the carpet is 
steamed to open and brighten the pile surface 
Axminsters and the lower-grade Wilton and velvet fabrics are 
back-sized, using a starch or dextrine size to improve their body or 
“handle ” It has_bfiCQme-general-practice' to^coat-^smalLAxm.m^ter 
n iats wi th~a-r-ubber-CQmpound^o4hev--willi^ot«-sliD-on the floo r 



Fig 8 Double width carpet shears 
{Courtesy BtgehxvSanford Carpet Co , Inc ) 




Chapter 22 

THE MANUFACTURE OP FELTS 

NON-WOVEN FELTS 
By Niran Bates Pope* 


History of Felt 

^ form'o?r wool Textile Sbnc ‘‘and ™ 

S'oY a'.S°uXed“ireep¥’“^ Sfby plSS^ ™o“tbe 

Saci f hX' « other level 

felted and matted maae The mat tvaa then roiled b?iS pr«snm 

of T.1 '■«” '““"d •’• «« noraadm tnbes 

moSon ^ama “ Nothing It furnished 

5'" «“ly rolled up and 
coarse straw mats Felts of covering to replace rushes and 

ceremonial headdressi^ arair^L? religious and 

early as 325 B C Ji/Tarrn jndia.as 

a 'sh^el» 

equipment History mention iruhtary 
equipped with brSstplates of f^Tf brigade of Caesar's which was 
'^^P*^^.vth^.um^o£JPo^^^^ A.complete felt-making,plantvwas 

still use felt fOTclSnJflSf!L°^_^l desert—Mongols and Berbers— 
^The Fwt A ^ make it by almost the same crude 

Fell Aesoctalton. Inc . through Korbel & Colwell. Tnc 
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v.»rA the first mecbamcal wool carding machine m America was 
back in 1793— adapted itself particularly to the manufecture 
S sh^? fSriri897, and was later succeeded by the Byfield Feltmg 

g|gQ Witnessed the founding of the Easter 


Co 


Felt Co at Winchester, Mass i xt t 

In 1898 the Taylor & Bloodgood Felt Company at Rahw^, N. J., 
theTmgue House Co at Glenville, Conn , the City Mills Companj 
at nS, Mass, and the Alfred Dolge Felt Company of DolgevJle. 
N Y combined and became the American Felt Company Later, they 
included the Waite Felt Company of Franklin, Mass 

S Stroock & Company, which had been felt distributors for some 
years, started manufacturing felt in 1899 at Newburgh, N Y., the same 
year that the Western Felt Works went into the field The Lawrence 
Fdtmg Company, Federal Felt Company, Standard Felt Company, 
and Danbury Felt Company were organized subsequently In 1910, tne 
Faatz-Reynolds Feltmg Company, the Bowden Felting Mills 
bury. Mass and the Nelson-Dedicke Company of Middleville, N i. 
combined and became the Felters Company ^ . 

The Felt Association was formed and, at the present time, practically 
90 per cent of the felt business in the United States is represented in 
Its membership This group includes four man ufacture rs, of 
felts , four m embers of the shegfjfelJLancLielt wtiiSds-division, and^^fise 
jobhSfsand cutters 


Definition of Felt 


The word "felt” covers a complete range of materials from linings, 
pads and soft fabrics to tough, boardy;^he.eJte4ipJ:o,3Ja.-itutbickness, 
and incl udes , polishmg»whe^ used-mYthe-metal industnes- 
" TKe"^oduct which is known simply as “felt”, its traditional name, 
but often incorrectly described as “pressed felt,” may be defined as 
follows • 

Felt.. wo6Ur ~K fabric built up by interlocking fibers by a suitable 
combination of mechanical work, chemical action, moisture, and heat, 
without spinning, weaving, or knitting It may consist of one or mom 

classes of fibers, wool, re-nrocessed''WOol-and/or-,re=;U5ed .wool.- with 

or without admijct ute^vjdth,4mimal.ji,egeta^^ and-ssmthetic-iibeis 
Feiras“3eSned here does not include punched, woven, synthetically 
bonded, stitched, quilted, paper or other materials of felt-hke appear- 
ance, which are products of entirely different construction 


“Revised definition approved by the Felt Association, Inc , September, 194S. 




906 


American Wool Handbook 


deadening and heat insulation, as m airplane construction„^XOol^kapoL 
felt is used ^^u^ia^e.feltjvittj:onsist.ot avooI, mixed jv^ith^^^^ 
fibers and goat hair,,et(:. 


TABLE 1 RAW STOCKS USED IN THE WOOL FELT INDUSTRY 

IN 1942 

% Total 

Type of Raw Stock Fiber Processed 

Wool, reprocessed and reused 33 

Wool, virgin (48 types) 18 

Noils, Noble and French 10 

C^rd waste, woolen and worsted S 

Cotton, raw domestic, India, China 11 

Cotton merinos 10 

Rayon waste 6 

Hair, cattle and goat 5 

Vegetable fibers (kapok, ramie, jute) 1 

Miscellaneous (silk, viscose and acetate rayon, Vinyon, Aralac, etc.) 1 


Total- 100 


Blendxng or picking After the fibers are chosen, the wool is scoured 
to degrease it, and frequently de-pitched and carbonized. Designated 
proportions of specified wools, or wool with other fibers, are then 
weighed out according to batch requirements The mix, or blend, is ^ 
spread on tlie floor in layers until the batch is complete It is thdn 
hand-fed into the,jmixing:;picker, a machi ne whic h-mixes. ..stirs^and. 
re-shq ffles^the fibers The stock is run separately through the mixer 
anothen into a bin, where it is blown and swirled around as a fluffy 
mass until the fibers are tlioroughly opened up and imiformly blended 


Casing and-fahncating^ After picking, the blended raw stock is 
put through a breaker card equipped with a Bramwell, or other auto- 
matic weighing feed From the breaker, an Apperl^^ automatic feeding 
system delivers the roving to a standard type wool finisher card 
further to blend and comb the fibers The fimshing card, or "former”, 
as It IS often termed, delivers the stock in web formation to an endless 
42-yard forming apron The forming _apron,deliverjs batts ranging 
-tr^.%,to.l.in.in.thicknessand‘36iq.80Lin in width (Fig. 1.) 

The customary method of fabricating ‘^ll”’felfsrof those made in 
42-yard lengths, is to cross alternate webs from multipIe-c:ard^ets..to 





1 Six-olindcr wljitt Koodh carding set for wool felt Consists of four 
nreaker c>lindcrs, one finislier straight card and rnnshcr crosser card to the left 
(Couricfy The Felt Assonalwn, Inc ) 

—HatdciUiig. 'pie bait lias now arrived at tlic operation which is 
peculiar to felling and which has no direct parallel in the textile, or 
other, industry Thc-obj ect j?f . this ltar^cning prpcessv 4 s to give 
yicJiatt,cnQug]i consistency to pcrmit^sy'Imiidirng m the. subsequent 
^n&process.?''"'* ~ ^ 

The batt is put onto the low'cr platen, or plate, of a heavy pt ess ( See 
pg 2 ) This plate is of varying dimensions to accommodate the dif- 
sizes of batt An apron of bjiriap, properly moistened, is laid overS 
the batt and other batts are piled on top of the first one until the desired 
weight and thickness is leached Steam is now turned on and the pieces 
satuiated The top platen of the press is then let down onto the hot, 
nioist blanket and the machinery is started The top platen oscillates 
J^^p“*y>|rubbing the upper surface of the batt against the fixed bed of 


7? Jlie manufacture jptipll^felJ.anjlj3LsheetJEelt diverge 

oil jells are made usually in 40 yd lengths, 60 or 72 inches wi3e" and 
^ through the hardener in two first-run and two second-run 

^ the preliminaiy steaming The first-run batts are those 
artiened first They act as a cushion in the final hardening of the 


•iidcninc and causing the surface fibers to penetrate the mass and 
set up cross-bonds between the layers which make up the batt The 
fiSIdening .process will .reach its.,limrt when the interlo cking of the 

DCrs can nroceerl no furtlipr undpr intprFnrial rv^cciirfi an/l viKrntion 
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Fig 2 Hardener on which carded baits are laid is at right of machine. After 
passing over the steam chest and under the plate the batts are rolled up for 
the next process of fulling {Courtesy The Felt Association, Ine ). 

second-run batts In the complete felting process, roll felts, are reduced, 
m thi<^n g^fcgpi_ajnag.immTi..ofj6jnches to I inc h S heetjelts, being 
5^HS^Shiy-«compressed are.formedjntp thic ker batts,, ranging up to 
jmet fo rj^.shge^th^Js reduced tq 3 incheT^he size of the batt will 
<iepend on the desired type of finished sKeet 

fulling action is carried out by means of direct 
and controlled impact in the conventional one-, two-, three-, and four- 
Immmer mills (See Fig 3 ) These mills are bin-like receptades with 
plano-concave breasts, opposed to which are wooden impact hammers 
toving pepped faces which conform roughly to the contour of the breast 
uriven by crank or eccentric mechanism, the hammers roll, lift, pound, 
and squeeze the felt batt against the breast, then allow it to fall back, 
and turn rt so that a different face is presented for the succeeding power 
S wLu ^ the action of fulling, see Chapter J,^Physical Properties 
. -^^^ISEJ^Sill^JiHffAiheJiardened batt is.^treated'With'a-fullmg— 
.^afeami^seixqs ^a lub^icant^dunng the operatiou/and js subse- 

!jejlihterjelts,,warm jvater is sufficient For 
of ^ f and nuUinei^elts, Lp art of p alm-oil spap to^lO-parts 

oolishw'L y®*;^eiise,4ieavy-duty m^anical^smd.glass- 

are.myttlr^gilv.full ^'wth t lie 
IS This treatment 




fi? ? Fulling white wool felt The hardened felt is being laid in the door 
1 wood shown immediately m front of the left hand operator’s leg), 
vnich IS raised and the hammers put into operation 

(Courtesy The Felt Association, Inc ) 


treatment w jth_the.iippr qp,ruUe fulling agent,, the felt is folded 
and rolled In a definite pattern to obtain tfie desired^ \vidth and length- 
wise shrinkage, and loaded in the fulling mill Fulling continues for 
periods of three minutes, for lig htiv ejght.fe l ts.-to twelve h ours or moj e 
ipJiapdnlgl ^ sheet and >wlieeCfeits. ,Penodicaljj^tir.ing3he^ roce ss 
^ IS rem oved J frdiri' t h'elmill.' straig htened. pulled_.tq_re move 

iJ!J2nj^es.and prevenTit from fe ltmgjipon itserf.^nd-thei£reF6HedTand 
i;0plac'ed fqrluffher mflTing^jmensional shrinkages attained by fulling 
^PP^°^*niate.lOLto 20 per cen tJorucad-weights. 40-.pe r-.centgforHback 
^^ks (the hardest gradpc nf mil felts)''an9 ^SZper-cent-for-liard-sheet 

After fulling, the-felt-4s-scuuYed'*anduieutrahze<LtQ_r emove re sidual 
S2?P.»..4lrt,.grrase,jDi:;jaad.J[t.is then dyed, if required, any water is 
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extracted, and it is di led JiQmeUsju;^ drted.undeL,tension4n a circ^lat 
mg hot-airjdpei:.at,temi)!?ratures^of 140® to 220® F. When requ ired 
in a specific-jdensity^reatiirahan that obtainedJroDLinaxunura raiilmg, 
shee03ts«are”further^compacted -in-hj draulic, presses. Eot.cxtremely 
dense sheets, .such As_the^‘Jiard’: and..»"rockJiarcU.’ qualities, j>ressing> 
supplenient to fulling and a part of .Uie, manufacture, as 
ais^nguishedtrom an ironing, or.-finishmg, treatment 
.^tnT^i^i^*,For certain purposes felts are left rough as they come 
from the driers Others are pressed, sheared on the surface to remove, 
long fiber ends, or, m Ae^ case of some of the.liarcler''felts, rim through 
a drum saniter |haUs_surfaced wifli garnet paper (Se^Fig 4 ) 
-mrsaaitionTo dyemg‘’fel£ m a full range of colors, the common prac- 
tice for millinery and other specialty uses, wool felts are frequently 
impregnated with various protective treatments These include fire- 
™Q.ld-prpofing, moth-proofing., water ..repellent* and otlier 



controlled thickncM”' brushing to give smooth surface and 

iCourtesv thousandths of inch 

Ki^ourtesy The Felt Assoctaiton, Inc ) 
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An entirely different class of felt treatments is the application of 
substances to modify the physical-characteristiGS^Qr^specific^purposes^^ 
Sucl^trratments^indud^^Uff ening^pi;- Jiardening . by„^izing,„or^ im- 
p^^S^lwithv,speGiaUcompounds~ Treatment ^ith- thermoplastic 
rSiris pmn its the felt tp,be stretc h ed or. pressed over a. form and tiiw 
permanei^ stiffened by heat,forming. 

~T®ecfiatucal felt parts, such as liquid seals for shafts and ball bearings, 
are often cut from felt laminated ^wit h one of Ae__rubb^like materials 
, %^-^6 js>_a nd ot her pSftTiiAject-to severe^e^osure jtna^ be^given, a 
f ang e3£^a5ng Treatmenf^otCimpreghatlons with latex of' one of the 
sj^ Aetics ^ 

Felts for Mechanical Uses 

Because of the uniform dispersion and random orientation of the 
fibers, wool felt possesses two unique characteristics which make it 
adaptable to the fabrication of mechanical parts 

The first special property is uniform wear, which adapts wool felt 
as a covering for metallic and othei surfaces as a protection against 
dents, squeaks, and scratches For frictional uses, the fact that wool 
felt never becomes threadbare ensures uniform performance throughout 
the life of the part 

The second special property is that wool felt does not ravel or fray, 
no matter in what direction it may be cut, but cuts to an accurate edge 
in any pattern Hence, roll and sheet felts are commonly die-cut to 
"’^Ppnt patterns and dimensions in three-decimal tolerances, also 
skived-to bevels, and laminated by stitdiing or adhesives to form under 
cuts and special contours CircMlacjWcksHane,extr.udedxthrough.revolv- 
nig dte^ Sheet-felts , are^bored, tumed,,,andjca^yed,Jto,formr. parts for 
niacliines of many kinds, even in the manufacture of artificial limbs 


Felt Standards 

Something hke 80 per cent of the wool felts produced are now 
inanufactured under an inclusive program of standardization The basis 
t tins program includes the standard types and qualities of felt required 
r automotive uses as originally adopted by the Society of Automotiic 
>n 1923 These standards were dc\ eloped by the SAE 
'ttii the cooperation of the Standardization Committee of the Felt 
ih in*co-ordinalion with the standard test methods of 

jv^^mencan Soacty for Testing Materials ^ 

yt Anlomo!«re^ng>n«rs. FfUt.SAE^Standard, AST.'LUe'ignition ©40— 



the manufacture of woven felts 

By R K. Brooks 

The manufacture of woven felts started m the United States 
about 1864 However, at that time the industry had been brougnt 
to a comparatively high state of perfection m England and other 
European countries, and until the close of the Civil VV^ar all woven 
felts used in the United States were imported In those days the 
utility of woven felts was not so well known as it is today and for 
the first few years the growth was slow With the incre ased use 
of machinery, felts jcame-^to .be-used-m’the printing and lithogfaphing^ 
trade.ior-innutnerable^anti-vibratidn .purposes , for ^P;oJisJjJ>Ug»cStone» 
glassja)d»-wood , in the manufacture of pianos ai^ in other ways and 
fdFpurposes too numerous to mention ^ Today* there are ten or a 
dozen concerns manufacturing woven felts in the United States, 
niany,.pLthem,«SPjeaahzing fo^^^^ 

Woven felts, whatever the purpose, are extremely durable -K-e 
siliency is a valuable characteristic in certain types, resistance to 
changing atmospheric conditions distinguish other types, others are 
valuable for their fine finish and uniform thickness and still others 
for their frictional qualities The>largei:.wov£n.-£dt-.mill?..axe-devotea 
to the manufactu re of paper..maker,^f eltSwCovering for-tennis-balis, 
fil teririg cloths and^'goods of various kinds_for piano manufacturers 
Some of the^fgest consumers of wjoy en f elts ^ar e co^on mills, chem- 
ical jand dye manufacturers, electrical goods’^1inufacture5S,_fumiture- 
maiiu^^ctuEers, fiat manufacturers, lithographersV nevyspapers, XQgtble 
manufacturers, optfral lens ^makers, printing . press manufacturers, 
pi^o manufacture'fs, silk toilTsitlhreacL manufacturers, .tennis- ball 
manulactu'rersr*’typewriter .manufacturers and woolen and -worsted 
mills --- 

As machine manufacturing operations increased in number and 
variety and as dimensional precision became more important in effi- 
cient operations, it was necessary continually to improve this system 
of manufacture so as to produce standard articles The stndes made 
from the day of the hand loom to the woven felt-making machin- 
ery of today is a story of marvelous accomplishments -It ha s-bfigo- 

truly~said that_thejiian.ufactur4_qfjK0olen^fabrics.andr,parJiCularly, 
.^3xen~fcltS7-requu:es-mor6~intensiye-study-.andjcontinue(Lyigilance 

tha n almost an^ other product ^f ^modern ingenuity From the be- 
the processes to the turning ouF of the finished product, 
of which th ere ^ eJt hirtfc fiy^ ^mdividual steps and^a smaany.JB^”0^ 
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practical and_jlajyLj[wlJ|gipj 3 iie{lge,„^ 
^»'»'^®®*S*'S,_coloxs,jveavejt.dyes->and'-finishes'^S'-required - 

*^0 select the nght kind of wools for the various 
fs reS/" mtimate knowledge of both foreign and domestic wools 
of Sc In f *"“st know what kind 

purposes fn Si^^f *° produce the best goods for speafic 

ness^d stpdy^usj:_ bg^iven to the fin e- 

'™-»= 'selertS^ "of 

other tvoes Th^’ and Australian wools are needed for 

to obt^nflinr there is an infinite variety of blends necessary 

desired Sle* m fin"^^ w“eS Ml "■ 

of mmne'‘Sf?wI,”^ dio importance of proper m ethods 

iinderiatfj Hi y^^d~®“y«uoS->t-to.ttejarding-proMssjs.o£ten 

^enFqualities'of or amalgamation of dif- 

different millf ThTi^o ^ « ^^orted to for various purposes in 
merchandS veaJ Sr ^ standard line of 

Therefore the blendimr wools which constantly vary 

ties, grades and finenn^ wools, i e ^the selection of various quali- 

don li Spmen«Tf 

fghtpr^ortio^^£^^j blended to just the 

types, the blends are okp!S the best results for the various 

and dirt are rSioved^ T?tlIIc^ machines where the loose dust 
with spiked teeth and a TiP? process the wool is passed over rolls 
’■ghterforS matter away the dust and 

’■ather comphcaTed to a large and 

clinging vegetation removes the burrs and other 

of cleaL'S " important process 

Sc niHyfjff TliJc * 

■aater-oiai,- zi!!!..® ^ pi-pcws that requires the skillful use nf 
J^-Jt-iftte fiS -the ~ 

*t up ready for the to open 

■"ovlng onwnrd slowl"'aK§JS’ft iSfe '! 
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esc The last tank is for rinsing and from there the wool goes 
through rollers, which squeeze the water out. Then the wool goes 
to tbf drying machine where fans blow hot air through ^e wool as 
It rests on an endless wire conveyor The wool is now light in color, 
white and fluffy, and is blown by a fan through huge pipes to the 
bins near the carding machines 

Caf-dkng The wool is carded with the greatest care and trans- 
formed into what, to the novice, appears to be an endless band ot sott 
loose fiber This includes an operation called “roving” as it comes 
from the machines and is wound on spools ready for the spinning room 



Fig S Breaker felt card with all-metallic wire clothing on cylinders, broad 
band delivery and automatic feed 


At the back of each card is an automatic feeder in which the wool 
is placed by the feed-tender The wool is received by the feed- 
rollers that act very much as a spool does when strands of hair are 
wound around it and they m turn pass the wool with a rolling 
motion along to what is known as the first breaker, where the 
carding actually commences The modem carding-machine has huge 
cylinders on which are thousands of wire teeth that at one time or 
another perform the task of seizing the fibers presented and tearing 
the lumps apart and partially straightening them This process em- 
ploys not only one set of rolls and cylinders, but several — ^the main 
cylinder m every case being the heaviest worker, acting not only 
as a bottom card for every roll, but performing besides the duties of 
carrier as the wool is conveyed from one roll to another 
The process through which the carded wool is passed before its 
final preparation for spinning is a sideways motion that rolls the 
wool into a roving The roving that is gathered automatically from 
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the cards resembles .i fluflfy white web of fibers This is separated 
into smaller strands and wound on spools preparatory to spinning 

'?pnining, extremely delicate tests are made 
‘ W'cight of the roving and also the moisture content, 
u flulTy condition of the card room, 

intr conditions have a considerable influence. Jn-lhc cardr 

1 rooms humidifying. systcms„arejnstallcd which, 

in wcathcr..condilions 

roving comes into the spinning room it is loose and 

f}^ process of spinning consists of transforming this roving 

process Sr® wool— into yarn by drawing and twisting. The 

the yam on bobbins The operation of spinning 

inKcniorrrl ^ macliinc called a spinning mule, one of the most 
‘Humous machines ever invented. 

multiple machines, drawing, twisting and 
time 'ni^^ ^ number of roving spools at the same 

the performed rapidly and simultaneously by 

at the bacl/oT °r spinner, places the roving spool 

or snlndle Th?cA?i® to the bobbin 

spof^ llYc^ f ^ spindle carnage then moves away from the roving 

'^hen enough to stretch the roving to a desired length 

mturnsS spindles twist the roving, the carnlge 

the SDindlp r position and while it is moving backwards 

twfsted roving. 

stretch^ a?d tSi 1 P^eess is then repeated The length of 
<diaracter nf ti i* ^ twists, all have a direct bearing upon the 

i" determmmg those ficlors the 
ftewoolS “’"“deration the quality and length of 

(For greater detail on mule spinning see Chapter 11 ) 

of process of interlacing yarn, or threads 

"lasbine or Inn ^ as to produce a fabric XfcielaM^wug 

oISK’iSk '•the f-kind 

tivel7li;?^;;ir Fundamentally, weaving is a compara- 

refined anH but as tlie material required becomes more 

ing proce« P^^’Poses of its use more exacting, so does the weav- 
art K...?! f complicated In_some cases special looms 

SsiW n possible to produce goods of vaiyine 

construct, on, weight, etc, goods wh,*, when BnSlS, 
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give the desired results 

from thirty^ to, fifty ^different kindsjpXmateri^al^nTalit^eiit^ 
oTl^^, fience it is^a specialty business 

'^‘ThTlooms must be the most modern, ingenious and efficient that 
can be built Each loom is adjusted to weave a certain number of 
threads to the square inch, some goods requiring a much closer 
weave than others ^Chis isjope^q|jhe,rnqst^ii^ere^g^pro^esse^^^ 
the manufacture^^woyen. felts (For details of looms see Chapter 16 ) 

Fullvnajoj^mitlhna ,i>i^cess^ When the goods come out of the looms 
they bear very little resemblance to the finished product For instance, 
some cloth which may appear to be coarse with the weave plainly 
discernible as it comes from the loom, will, when finished, have a 
beautiful surface with the weave invisible to the naked eye This 
transformation is accomplished through various highly specialized 
operations, one of the most important of whicli is the fulling or felting 
process The fulling process transforms it into material known 
as woven felt However, after coming from the loom and before 
commencing the fulling process, the goods are carefully inspected 
They are spread on long, window-lighted tables so that practically 
every inch may be examined for possible weaving imperfections 
Fulling or felting, the process from which woven felts receive 
their name, is the method of utilizmg that peculiar property of the 
wool fiber, where one fiber interlocks with another and in doing 
so shrinks until the full width of the piece of cloth becomes very 
much less than its woven width *jQigJtli_ree agencies- throug h j yhich 
this process jnost xeadily takes. plac^ are heSijjrictipn, xmd jnoisture, 
ggu,! [t^s m providing.more effiaenjt means, of apj^ying these^agenaes 
ffiat the development of fulling-machinery has. been made Fulling- 
tnills consisted of large hammers suspended over a tub and alter- 
nately dropped on the fabric, untijLthe-advent“ot»the''modern''fulhng- 
milhiKhjchjrece ivM thejvoolen goods in a l ong string and b y continuo us 
motion^ passes ij LA^ile-ltLa-moist.cQnditiQn-thr-ough-heavy ^rollers The 
results desired have always been the same, namelvN a thickening a nd 
stiSDgfiienins-nj L,the_ fatiriCf_ the-mcreasmg of-itS“'\^rin^ qualities 
and the reduction of its heat conductivity ( For a more det ailed 
description of fulling see^ Chapter 1 9 ) 

,^mishing In order to remove the oil and dirt that have accumu- 
lated durmg the preceding processes, the woven felts are now 
washed in tubs After the washing and while still wet, the goods 
are put through a process of napping on machines having large 
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rollers covered with teasles Teasles are the seed-pods of a plant 
and have sharp, springy points which have never been imitated 
successfully Following this the goods are dried and then sheared, 
which cuts off excessive surface fibers 

T^^Iast^propess is ironmg or pressing, _so, necessary to^give and 
mai^ain an -e ven-finistuand^ thickness It serves to smoothen out 
and reveal the scientific accuracy of construction in all of its dimen- 
sions The goods are then carefully inspected, tested for strength or 
thickness, length, width, and weight and marked for grade, customer 
and use 

There are many types of woven felts, each being made to meet 
different technical requirements S uch felts are known bv v arious 
sp^l^ames^uch^s„.b^ushmg:^cloth7Isti<dcer^clofh.~whipp^_,cloth, 
damper^lever-^cloth,-. buttlcloth, and key^_jra|,l^dojth, ^ll^ed-^ii-jthe 
piano«uidustryv Specially developed wtwm! f dts Jare tennis ball 
’^*^l§;-EDtiting„press~Gloths,. filter, cloths -^f or -gasesrchemicals^3Sier 
an^ir-;-slasher- cloths, dresser cloths'-used b 3 s-the-worsted'SpinnErs ; 
roiler_doths~for spinning, _ drawingrnnd -comber . rollers , itlgaj’.er 
cioms , felts'for polishit^ optical lenses . diard e ning , cloths for::4h.ejiat, 
HS&”g-ftade and a wide variety of cut felt^products where thou-* 
sands of yards of woven felt are cutjnto washers, strips, and .pads of 




TABLE 1 

Motsturc 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 
9^ 

99 

100 

101 
102 
10^ 

104 

105 

106 


COMPARATIVE TABLE OF MOISTURE CONTENT 
AND REGAIN (IN PERCENT) 

Reqam\ Moi^hnc Regain\ Mmtiiirc Regain 


75 

76 

77 

78 
80 
81 
82 

83 

84 
86 

87 

88 
89 

91 

92 

93 

94 

95 

96 

98 

99 

100 
101 

103 

104 

105 

106 
107 

109 

110 
111 
112 

114 

115 

116 
117 
119 


107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 
13 5 
136 
13 7 

13 8 
139 

14 0 

14 1 

142 

143 


120 

121 

122 

124 

125 

126 

12 7 

129 

130 

131 

133 

134 

13 5 
136 
13 8 

13 9 
140 

142 

143 

144 

145 

14 7 

148 

149 

151 

152 

153 

15 5 
156 
15 7 

159 

160 
161 

163 

164 
166 
167 


144 

145 

146 

147 

148 

149 
15 0 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 
16 7 
168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 


168 

170 

17.1 

172 

174 

175 

176 

178 

179 
181 
182 
183 

185 

186 
188 

189 

190 

192 

193 

195 

196 

198 

199 

200 
202 
203 

205 

206 
207 
209 
211 
212 
214 
21 S 
216 
218 
219 


r^p ^ ” 

moisture content in wool This 
•ng simultaneous SfL of / heating chambers, permit- 

mmutes or kss^^rh'Jlf 5*”? ^ ^ as much as 400 grams each 
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±2° C . and the rotarj* pumps force 13 cubic feet of air per minute 
through the w ool. 

The wool containers supplied widi the apparatus are made of alum- 



Fiff. 1 Baird v^ooI dryer. iCouricsy Baird Assoi^tes.) 
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uium with a perforated metal disc in the bottom to hold the wool m the 
container and a perforated pressure plate inside the drying chamber on 
top of the wool sample to prevent it from blowing out under the blast 
of air Aluminum caps are provided for both the tops and bottoms of the 
containers after they are removed from the oven 
Maximum capacity of the standard container (5 m x m ) is 
2S0 grams (9 oz ) of dry wool For wet wool having about 60 per cent 
regain, i e , scoured wool just after centrifuging, the sample may be as 
large as 4W grams (14 oz ) For wool top having about IS per cent 
regain, a sample of 280 grams (10 oz ) may be taken 
The samples are weighed before and after drying in the container 
itself which has been adjusted to a standard weight For accurate 
results, 15 minutes must be allowed for cooling before weighing 
Even though more rapid moisture determinations are possib’e with 
this equipment, there is still a definite need for instruments capable of 
establishing the moisture content within a few minutes Various elec- 
trical instruments have been on the market but, for the most part, they 
have not been able to withstand rigorous mill use The most satis- 
factory instruments work on alternating current and measure the 
dielectric property of the wool Since this property vanes directly with 
the moisture content, it can be used to determine the moisture in wool 


Fiber Testing 

^Yool fiber testing is necessaiy to study the physical properties com- 
prising the quality of the fiber, as discussed m Chapter 3 The mam 
\\.n \ which have a decisive influence on the quality of 

01 are fineness, length, strength and elasticity 
h\ fineness of the wool fiber is judged in the trade mainlj 

inadequate for many purposes, and pre- 
wicibn r* 1 developed in recent j'cars Two physical 

nui it * found wide application the micrometer caliper method 
Tt " ‘^’ffht-lcngth ratio for determining the diameter 

method was first used hj I-lardj and further 
" iteli others The basis of this method !<; the use of a 

^ ^ micrometer caliper, with an enlarged barrel to facilitate 
Smduations It has been proved fairly accurate and the 
obtained bear a rather close relalionchtp to the nucro- 
? ineasurcnient 

developed at the Wool Intlustrv Rc>carch 
a 111 I ceds, England, is based on the nitio of the w eight of 


922 


American Wool Handbook 


the fibers to their length The method consists essentially of weighing 
a counted number of fibers cut to a definite length This method gives 
very good results when the fibers are free from air-filled medullae 
When the medulla is present, the weight length ratio gives a result 
much finer than the diameter as measured microscopically Both of 
these methods are far more cumbersome than the microscopic methods 
to be described later 

Length. ordinal y method of establishing the staple length of 
law wool is simply by measunng with a ruler the length of the indi- 
vidual staples as grown Because of the crimps present in raw wool, 
s,uch a measurement does not represent the actual length The actual 
length of the stiatght fiber, i e , ciimps lemoved, is measured by two 
distinct methods, eitherjLndividually.or-in~groups 
For single fiber testing the Wilkinson tuft method is used In this 
method a cotton thread, guided by a needle, is looped around a bunch 
of fibers and tied tightly with a slip knot This bundle or tuft of fibers 
IS then extracted from the test specimen The tuft is freed from all 
loose fibers before the cotton thread is opened Then all fibers present 
in a tuft are pulled out individually with the help of tweezers and 
measured in a stretched condition, with both ends held by tweezers 
For large scale testing, as is necessary for determining the average 



1 iR 2 Wool fiber <itapbnp: apparatus {Cotirlcsy A Sutcr) 
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lengtiis of top, this inctliod ib loo cuinbcrsome and machines have been 
devised to facilitate the tcslinir of groups of fdiers 'i fie most wideU 
used procedure is tlic one dcvcloiKid by llic wool section of the Amer- 
ican Society for Testing Materials, which is based on the use of a wool 
fiber stapling apparatus shown in Fig 2. 

Tile stapler, which is capable of segregating the longer fibers into 
half inch groups and the shorter into quarter inch groups, consists of 
the following parts* (1) a frame (2) two senes of parallel fallcr bars 
piloted at one end, the greater number set one-half inch on centers and 
the lesser number one-quarter inch on centers, each bar being fitted with 
a set of long (2a) and a set of short (2b) needles, (3) a removable 
supporting rod to permit dropping the bars held by racks 4a, (5) a 
small combing bar, attached at the front of the machine, (6) an adjust- 
able fiber clamp, (7) a depressor, (8) a fallcr bar lifting plate, (9) a 
ruler, and (10) a plush-covered board. 

The working procedure for this instrument was described in 
ASTM Designation D 519-40 and re-approsed m 1946 without 
change From the results obtained a curve can be drawn expressing the 
distribution of lengths. Typical curv'cs arc given in Fig 3. 

There are several automatic stapling machines available The best 
known instrument suitable for the length determination of wool tops 

IS the Schlumberger 
stapling machine 
which was adopted by 
the Bradford Condi- 
tioning House in Eng- 
land 

Strength The 
strength of a wool yarn 
and ultimately of the 
fabric, depends to a 
large extent on the 
tensile strength of the 
fibers of which the 
yarn is composed For 
example, a mohair 
yam will always be 
stronger than a wool 
yam of the same num- 
ber In addition, the 
strength of yarns man- 




924 


American Wool Handbook 


ufactured from short length fibers is strongly influenced by such 
factors as fiber friction, staple length, fineness and yarn twist 
•^[Qjsted-yaims, fo r instance, a je. generally Jwige-as^strong, as similar 
woolen varns3iecai5se or8iernore parallel arrangem ent -Pf te ^fijbers 
f^T^tvSTinaraimly^, tne original fiber strength remains the basis^or 
the strength characteristics of a finished wool product 

Because of the great strength variation from fiber to fiber the test- 
ing of single fibers is a very tedious process The small dimensions of 
tlie fibers necessitate apparatus quite delicate in construction A num- 
ber of such apparatus have been developed as reported by Schwarz 
and Fox ^ 

The most recent single fiber tester is the Sookne-Harns fiber ex- 
tensometer shown m Fig 4 This instrument is based on the principle 
of an automatic Chamomatic balance, which produces an ink-drawn 
record of the load-elongation characteristics of the fiber In addition to 





Hg A S ookne-Harns fiber extensometer (Courtesy Hams Instruments, Inc ) 
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tlie load-elongation curve to the break, one or more hysteresis cycles 
can readily be obtained to permit the study of a fiber’s ability to recover 
from extension Relaxation curves, in which the rate of decay of tension 
at a constant elongation is studied, are likewise within the scope of 
the instrument With slight modification, the apparatus is also capable 
of providing measurements of the folding properties, especially flexi- 
bility and resilience, of light-weight fabrics, or the compressional prop- 
erties of pile fabrics at very low pressures 

The testing of single fibers as a daily routine procedure is too cum- 
bersome and can be shortened considerably by testing a great number 
of fibers at the same time The test method is known as the flat bundle 
fiber test A procedure described by Beilinson^ has found wide applica- 
tion for testing wool top and roving The chief advantages of the flat 
bundle tests are the speed with which results can be obtained and the 
inexpensive equipment required 

The machine required is a pendulum type breaking strength tester 
The technique developed for testing worsted tops at the Forstmann 
Woolen Company Laboratory is as follows : 


^^^PttrahoiuofJesX^sf^cimeits Small fiber bundles are drawn from 
the top in the same msmner as for fiber length determination These 
bundles are put together and then carefully combed to straighten the 
fibers and to remove any fibers below a certain length The combed 
IS then tnmmed with a razor blade to one-, two- or three-inch 
tults, depending on the average length of the fibers. The tufts are then 
weighed, the weights being kept within the following limits to reduce 
Fobable error, for one-inch length, 30 milligrams, for two inches, 60 
cc three inches, 90 milligrams, plus or minus 10 per 


•p cut and weighed tufts are then mounted between adhesive tape 
of adhesive tape are placed yi inch apart with the adhesive 
is hJll? ^ wooden board, 25 by 5 by I inches (Fig Sa) The tape 
boaril^Tv. ^°®***°” three rows of needles across the width of the 
hvn ^fi® prepared bundles are then laid across the two tapes with 
are Uio ^ between bundles, (Fig 5b) Two additional strips of tape 
the carrfully on top of the fiber bundles and coincident with 

the pressed down firmly with 

Poste bundles are marked for identification pur- 

° between the bundles is cut with a razor blade (Fig 

is then broken for the purpose of adjusting the apparatus 
®chmson, H R, Tevhle Research. 3 (1938), pp 421-8 



The lower 
jaw' IS raised 
until the two 
jaw's are ap- 
pro x i m atdy 
1/16 inch apart 
The bundle is 
then placed in 
the jaw so that 
the ends of the 
tape are level 
wMth the inner- 
face of the jaw 
and the fibers 
are aligned at 
right angles 
The test is then 
performed i n 
the normal man- 
ner 

The breaking 
strength of the 
bundle is then 
cither con- 
verted into a 
strength per 
unit fiber or a 
strength per 
unit area, such 
as psi or kg/- 
sq cm 


Fig 5 Preparation of bundles for tensile strength test Yarn Testing 
(Courtesy Forslmann Woolen Co ) 

Yarns are 

generally tested for yam number, twist, breaking strength and 
moisture regain A.S T M has developed two standard methods 
of testing yams, namely, A S T M Designation D 403 for woolen yams 
and D 404 for worsted yarns These methods include all of the above 
tests and their tolerances 


To establish the yarn utnnbci , a yarn leel and giain scale are neces- 
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sary. For short lengths of yarns the Suter Universal yarn numbering 
balance is very useful 

To analyze the twist of 
yarns the AS.T.M. 
method specifies the use 
of a twist counter Vari- 
ous instruments of sim- 
ilar constructions are on 
the market, one of which ^ Twist counter (Courtesy A Suter ) 

is shown in Fig 6 The 

tWist is normally expressed m turns per inch and the direction of turn'? 
(S or Z) is given at the same time 

The breaking strength and elongation of yams are determined by two 
distinct methods, 1 ) the skein method, and 2) the single strand method 

In the skein method, a standard skein of 120 yards wound on a 
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yard reel is broken on a skein tester. In the single sit and tester, 20 
inches of yam are clamped in suitable jaws and broken The strength 
is recorded in ounces or grams and the elongation in per cent. The 
official instruments used are of the pendulum type 
The instmment shown in Fig. 7 is the scrigraph, whidi applies to 
the specimen a definite amount of load per unit of time through the use 
of the incline plane principle Instmments of this t^pe ha^e the added 
feature that hysteresis or fatigue may be detennined at any pre- 
detemiined point of load for an^' number of repeated cj cles Continuous 
strength and elongation testers ha\e recently been developed 



Fig 8 Sluer Tester (.Courtesy Pacific Mtlh-jrorsfcd Division 
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Evenness of yarn is commonly observed by winding the yarn on 
black cardboard m seriplane panels The Pacific sliver and yarn testers 
developed recently record simultaneously, by means of thickness 
measurements at constant pressure and tension, both the evenness and 
the weight of a given length of sliver or yarn (Fig 8 ) 

The shver tester has a capacity of from 3^ ounces per 5-yard length 
of wool top or sliver (i e , 12,250 grains per 40 yards) to a fineness of 
7 5 hank roving (i e , 66 7 grains per 40 yards) Top or sliver of any 
other fiber in this size range and some slivers heavier than 3)^ ounces 
per 5 yards, such as those of rayon, can be tested Also, yarns heavier 
than 1/7 5s worsted count may be tested on this instrument 
The yarn teste? has a size capacity of from 1/7 5s to l/60s worsted 
count Yarns of all fibers or mixtures of fibers in this size range can 
be tested Heavier yarjis can be tested on the shver tester Both the 
sliver and the yarn tester have a number of grooves, and record ac- 
curate resu ts regardless of atmospheric conditions and moistui e, oil 
or finish content of the sliver or the yarn itself 



b Woolen yarn 5-run 012" groove "X" scale 

Pip p /pi « 

variation in a worsted and a woolen yarn as recorded by the 
yarn tester (Courtesy Pactfie Mills Research Laboratory ) 

®^own the graphic records of a 5-run woolen yarn and a 
tionshin*if«» produced by the Pacific yarn tester The rela- 
ys recordfiri thickness of the yarn and the unevenness, 

scorned by the curves, is shown in Fig 10. 





Fig 10 


Cloth Testing 

Woolen and worsted fabrics are tested for weight, width, weave, 
construction, breaking strength, abrasion, thickness and wamith The 
s^dard testog methods for woven cloth are described in A S T M 
Designation D 39-39 

T^^:S5!fi'^^-^-^®‘'®*P’’®®®®^*^>o'^i^ces-per,bn^i^yard-orjt4nay-.bejcon- 
verted fo ounces pw square y^r^ .Five samples, each two inches square, 
^ f ^ piece and the average ounce weight 

established by weighing on a torsion fabric balance The width (dis- 
tance between selvages) is measured to the nearest half inch 

number of warp and filling yams per 
^ ‘:o«"ter For determination of 

weave see Chapter 17 

tlcf ”* k elongation are obtained witli a breaking 

In common methods, the grab and the strip method 

damoe^n \ spe^en 4 inches wide and 6 inches long is 

P jaws 3 inches apart, after which the jaws are moved 
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apart by motor power until 
the strip IS broken. A machine 
used for this purpose is illus- 
trated in Fig 11. The strip 
method consists of ravelling a 
sample from inches down 
to 1 inch in width after which 
it IS broken as above The 
strength in pounds and the 
elongation in per cent can be 
recorded automatically on a 
special graph or chart 

Ahraston or wear testing has 
not yet been developed to the 
point where it can be stand- 
ardized or adequately inter- 
preted Professor BalP stated 
in a paper before the A S T M. 
m the fall of 1937 

“Much thought, time and 
expense have been devoted to 
the subject of wear testing and 
the development of wear test- 
ing machines, in some cases 
with the hope of finding a 
method or machine universal- 
ly applicable To ask the ques- 
tion, ‘Can a standard wear 
test, applicable to all cases, be 
developed^’ is to answer it, 
for to anyone who has given 

“Ball, H J Lowell Textile Insti- 
tute, Lowell, Mass 


Fig 11 Breaking strength tester 
for yam and cloth (Courtesy Scott 
Testers, Inc) 
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thought to the conditions producing wear, tlie negative answer is per- 
fectly obvious The elements of wear affecting carpets, for example, 
differ so greatly from those affecting a man’s suit that it is entirely out 
of the question to consider a like test for each material Even the fabrics 
used in the suit itself, the worsted cloth, the rayon lining, tlie cotton 
pocketing, are subject to conditions sufficiently different to cast a doubt 
upon the possibility of a single wear test for them alone Hence it would 
seem that each condition of wear must become a separate problem in 
Itself, that a test must be devised for each particular set of service con- 
ditions to V Inch a fabric is subjected It is along tins line that some wear 
testers have been developed There is one important point to be kept 
in mind and that is the usual purpose of the tests It is not required that 
they shall permit the forecasting of the sendee life of a material in terms 
of some unit of time Rather the problem is one of comparison, of 
determining such facts as will warrant an opinion that one fabric prob- 
ably will or will not last longer than another.” 

The Army Quartermaster-* during World War II made extensive 
tests to study wear and abrasion of fabrics under practical conditions 
Houever, as yet no instrument has been designed which correlates 
laboratory and field tests 

One of the most extensively used wear testers is the Wyzenbeek 
tester Best results are obtained by abrading cloth against doth Samples 
are tested in a folded state to simulate the areas at the folds of collars, 
cuffs, sleeves and pockets of a garment 

^ /Thickness The warmth of a fabric is determined primarily by its 
.Sickness Thickness measurements are, therefore, of great value in 
the evaluation of the iiarmth properties of both apparel and blanket 
fabrics Measurements of thickness of felts and carpets are of par- 
ticular importance T be comp rgssometer designe(j,bx,.%biefers offers 
a convenient a nd-acGurate method for-m^unng fabric thiSeness 

A schematic diagram of the instrument is shown in Fig 12 The 
specimen. A, is placed upon the anvil, B The foot, C, is circular in 
shape and lanes from one to five inches in diameter It is fastened to 
the bottom of the spindle, D, of the lower dial micrometer, E The 
lower surface of the foot is plane and parallel to the upper surface of 
the anvil The rod, F, is fastened to the top of the spindle at G and to 
me top of a Iwlical spring, H, at I The bottom of the spring is fastened 
to the tube, J, at K The upper dial micrometer, L, is fastened to the 

Ag: Council for Textile Research, (Oct 25, 1945), pp 

“SeWefer, H F / Research Nat Bur Standards 10, (1933), pp 105-713 
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top of the tube at M The spindle, L--*''**''****^ 

N, of the upper dial micrometer 

rests on the top of the rod at O " i n- j 

The tube may be moved up or ViTi 

down relative to the frame, P, by I 

turning the knob, Q, of the rack ! ® 

and pinion, R By turning the AMf Jfi 

knob the foot may be lowered ^ i 

upon the specimen The pres- s J % ^ - 

sure which is applied to the speci- J I ^ ^ ® ) 

men by the foot may be ascer- f 
tamed from the upper dial read- ^ ^ ; sd 

mg and a calibration curve of the t' ■ ( jr ^ 

spring The upper dial indicates 

the elongation of the spring The ^ -* ^ 

distance between the face of the ^ 

foot and the anvil, i e., the thick- f J 

ness of the specimen, is indicated 

on the lower dial Each dial is ^ 

S^'^oated to read directly to jLe 

u 001 inch f ' ^ — jrZiS ris ^ 

With this instrument, thickness s 

can be readily determined to 001 

pressures ranging from , „ , , 

to 3 0 psi As discussed in Schematic diagram of Schiefer 


W5 to 30 psi As discussed in 
Chapter 3, it was found that the 


Compressometer 


L * ■ -J »»■ ’vaa ivuiiu lllcll. lire 

'^°^*‘®fution between the thickness of apparel fabrics and warmth 
when the thickness was determined at a pressure of OOS 
P ' mstnbuted over a S-mch-diameter pressure foot 

tJ^®*^^**^* fohncs There are many factors which enter into the 
exte ? f warmth of woolen and worsted fabrics Because of the 
betom ° warfare in present times, warmth of clothing has 

Hast n more vital importance for military forces than in the 
World War II the U S Quartermaster started extensive 
fabric studies to establish the specific warmth qualities of each 
ally ^ soldier The numerous reports published, especi- 

fbe los^ Harvard Fatigue Laboratory, reveal clearly that 

’’Material t human body through one or more layers of 

be duoUf ♦ J V air is a very complex process and cannot 

®f the Dll ^ simple apparatus and procedure. The simplest phase 
problem is measuring the heat U ansmxssion tlirough the fabric 
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or its ability to resist heat transfer. Hence, numerous devices have been 
devised for this purpose 

An improved apparatus for measuring thermal transmission has le- 
cently been built by Cleveland at the National Bureau of Standards 
(Fig 13) . This consists of a horizontal plate which is heated electrically 
and maintained at constant temperature by means of a thermostat 



Surrounding this plate is a guard plate which is maintained at the same 
temperature to prevent lateral flow of heat into or out of the central 
plate A second guard heater IS placed bdow the central plate to prevent 
the downward flow of heat The specimen to be tested is laid flat with- 
out tension on the apparatus and enclosed m a copper hood, placed 
several inches above to eliminate the disturbing influence of air cur- 

tenfsSonW thermostatic control results in an inteimit- 

- PP y central heater, an electric recorder is added 

Js bemrSlfll?® automatically adding the periods during which heat 
Dlateafd ?h? fnn nTi® temperature between the central 

and TL mrasured by means of a thermocouple 

oer S of ^o the central heater 

?entS olaL to ^^ference in temperature from the 

Surement of fS ^"1 ^he het plate is taken as a 

^'not freaSlv A worsted fabrics 
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Sponging test. The purpose of this test is to determine the relaxa- 
tion shrinkage still left in worsted and woolen fabrics after finishing 
Even if a fabric is ready for the needle, this shrinkage may range from 
-sero to as high as 10 per cent in warp as well as filling direction Foi 
example, the Army allows a maximum wai p shrinkage of 4 per cent 
for its 18 02 . serge and 6 per cent for the 18 oz elastique The width 
of the fabric must stay above the minimum specified width of 56 inches 
The Army test procedure is as follows : 

The sample size is a 22-mch length over the full width of the piece 
The matenal is laid out without tension on a flat surface, free of 
wrinkles, in a standard atmosphere for at least one hour After the 
fabric has come to equilibrium, three distances of 18 inches are marked 
off in both warp and filling directions The indelible markings must 
be at least 6 inches apart and one inch away from all edges The piece 
IS sprayed and soaked in cold water until fully saturated and then ex- 
trarted in a centrifuge The sample is then rolled up and left in this 
condition for at least five minutes previous to pressing and drying The 
drying is done on a preheated flat-bed press (Hoffman Press) without 
steam The sample is laid flat on the bed of the press and as free of 
H f u possible, then the head of the press is clamped down until 
lie fabric is dry The time in the press may vary from two to eight 
mutes depending on the type of the press and the weight of the cloth 
P^®®sed sample is then laid out flat without tension under standard 
itions After one hour of exposure the original 18-inch distances 
me ^^'^^®ored and the average changes between the three measure- 
for * and after sponging are calculated in per cent, separately 
filling For fabrics ready for the needle the dimensional 
gcs in warp and filling should be less than 2 per cent 


nots^t^M^ steam For most ladieswear fabric wet sponging is 
stable Best results are obtained by direct steaming of the sample 
conditioning, the sample, 22 inches square, marked with 
fbehead previously described, is laid on the pi cheated press and 
fbe hea^ clamped into place Low pressure steam is then applied from 
cpeneit^ simultaneously for 15 seconds The press is then 

fbe nrecf j sample is cooled for 30 seconds by taking it partly off 
The stea^m 1 gently This procedure is repeated once more 

measiir« sample is then laid out under standard conditions and the 
^urements are taken after one hour 


wa^hin^b The testing of woolen articles foi shrinkage 

6 nas become quite important with the increased use of wash 
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able woolens The A A T C C method is based on the use of a washing 
machine of the cylindrical reversing wash wheel type The sample is 
run for 15 minutes in a soap solution at 100° F and then rinsed twice 
for 5 and 10 minutes. The sample is extracted and pressed on a flat 
press without further drying It is very important that the fabric to be 
tested first be put through a wet treatment to remove the relaxation 
shrinkage (see Sponging) 

The convenient sample size has been found to be a ten-inch square 
At the start the samples to be tested should be fourteen-inch squares 
with two-inch cut-outs in each comer The outer edges are then turned 
under to the point of the inasions and hemmed, forming four tubes 
around the samples which by now measure about 10 inches square 
Rods are inserted in these tubes for attaching the pieces to the clamps 
of the measuring frames The samples are measured under a tension 
of two pounds applied by the clamps m both warp and filling directions 

A w'oolen fabric or article should be claimed to be washable only 
when, after five w'ashmgs following the A A T C C method, the shrink- 
age does not exceed two per cent 


The washing procedure used by the British 
Wool Research Association for socks is as follows 



Fig 14 Measuring hose for 
dimensional change 


The socks are measured and then 
relaxed by soaking in a 0 3% soap 
solution containing a little alkali 
(sodium sesquicarbonate, 01%) m 
softened water at 37“ C for lYz hr 
The distances L and F (Fig. 14) are 
measured after the socks have been 
rinsed and laid flat under water 
Soaking is repeated until no further 
change in dimensions takes place 

Felting shrinkage The socks (air- 
dry load ISO g), 75 g water and 37 5 
g of 5% soap solution are fulled in 
a Furness fulling machine in which 
they are given a definite number of 
blows They are then rinsed and re- 
measured under water 


Chemical Testing 

j includes the determination of shrinkage of raw 
, at and oil content, ash content, the presence of sizes, finishing 
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and other nonfibrous materials, the amounts of acids and alkalies, pH 
noer Identification tests for determining wool content in mixtures, and 
tests for determining chemical damage to wool fibers, yarns and fabrics 


Shrinkage of raw wool The accurate 
determination of the wool content of a 
lot of raw wool is of great importance to 
wool manufacturers, wool growers, wool 
^alers and various Government agencies 
1 ne official method for sampling and test- 
ing raw wool which is used by the Bureau 
Of Customs of the U S Treasuiy Depart- 

S for testing im- 

adopted also by 
W«,l Dmsion of the U S Depart- 

Sc f Wool Asso- 

Th« Cotton Exchange 

developed by 

' ollner and Tanner^ is as follows^ 


volvpc sampling procedure in 

motarpH ^ of a simple, electrically 
draw^ f’ tool which with 

wciffhinS ^ quantity of woo 

pound ^ 

electric h n ^ standard portable 

I’ead to Jt ’ u ^ bayonet-type driving 
loSiteel 1:? staim 

be other v diameter 

boldinp- provision 

blade circular scalloped 

lot oores taken from a 

arc depcndS'^ ^ i? penetration 

charactcristipc statistical and other 

cs of the merchandise In an 

Tanner. L, /„d Cnq Ch 
> \N ollner, H J , Textile If'orld. ! 



Fiff IS Wool corc-boring 
machine iMth extra tube 


^ t3 pf> 883-887 
PP 86-8/, (Sept 1941) 
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Fig 16 Sampling Australian wool with a core-boring tool 

importation which will run bettveen 100 to 300 bales, a core may be 
taken iroin each bale In large importation, it is generally not 
ncTCssa^ to core every bale unless abnormal conditions require it 
are fewer than 100 in number, the cores are either 
(Fi depth, or more than one core is drawn per bale 
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The cores so drawn are collected in special containers designed to 
protect them from any change in moisture over extended periods of 
ime. Such samples will weigh from 20 pounds up, of which approxi- 
mately half will be wool, the balance being impurities 



IcoilLv rf redesigned dry cleaning machine 

6 Treasury Dept . Bweau of Customs Boston Laborafoty) 

Sco 

LabSo?? fc^^^®P>^ocedureusedbytheU S Customs Wool Testing 
operation Thtc sample is first subjected to a degreasing 

cleaning conducted in a standard commeraal dry- 

^ool fibers and ^®^®signed to prevent any loss of 

y q«a«tity of griase and 

ployed IS tnchlorethvlenp J^°°l (Fig 17 ) The solvent em- 

J^“tomatically controL? expedite the process, all operations are 
the solJem operations consist of several washings 

‘l^odonatngof the extraction, drying, solvent recovery Sd 
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Opening, imung and dusting The next step is the opening, mixing 
and dusting of the degreased wool For this purpose a standard 24-inch 
mixing picker is used along with a continuously operating cone-type 
duster The wool, as it leaves the duster, is collected in a cage Six test 
portions of about 100 grams in weight are then taken from the now 
uniform sample and scoured 

The scouring is accomplished by placing the wool in cotton net bags 
which are then suspended in a warm dilute soap solution, carefully 
manipulated by hand, and then passed through an electriailly operated 

laundry wringer (Fig 
18 ) This process is re- 
peated in a second soap 
bath, and the wool is 
finally rinsed in running 
water This scouring 
process completely re- 
moves all remaining im- 
purities from most 
grades of importe'd 
wool During this scour- 
ing procedure the larger 
vegetable impurities are 
removed by hand 
The samples are then 
dried and the oven-dry 
weight established This 
weight IS then corrected 
to conform to the stand- 
ard moisture content of 
12 per cent. 

The wool is further 
tested and corrected for 
residual vegetable mat- 
ter, as well as for its 
content of ash and ex- 



Fig 18 Sample-scouring unit 
(.Courtesy U S Treasury Dept , Bureau of 
Customs Boston Laboratory ) 


IQ ‘^®*^®rniine the clean wool content Clean wool 

inQiS the grease or hair which 

foreipn vegetable and other 

15^ __ f containing 12 per cent by weight of moisture, 

P y weight of alcohol extractable matter and having an 
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of ‘f’o analysis js a figure 

.0 Sc S“'Z.”'ooI°' ‘"' 

trJtmenSS scouring makes the wet 

A S tS ^ ^ 1 ^ 7 ^ necessity in the test procedure, 

of ereasr unnT laboratory method for testing the shrinkage 

proiTure and ^ simpIiHed and cheaper 

p ceaure and produces results of the same accuracy 

tabl'Stc? Several methods of determining the vege- 

Carbonate ‘"othod, the peroxide? 

^ te method and tlic comparison method 

“S.V' “ff"*"?. ‘"“I »“"ral= “‘"d the most Umc con- 
scale tfstmg ^ slowness the method is not suitable for large 

•ng^vIgeSc based on the commercial method of remov- 

Becaus?iontVn«tI«‘' sulfunc acid, 

scale testing ^ *nanipuIattons it is difficult to adapt to laboratory- 

mi 

tbe wooUhe ^P'*^ inaccurate. In addition to 

and other zamvonL^T^'S ‘f'ssolves a variable quantity of lignin 
•ow by as much 4 n " ^ vegetable matter. The result may be^too 
much as 40 per cent of the actual vegetable matter content 

hon oKhrc?ulurc:!S*‘^^‘^ Lipson? is a modifica- 

Pcroxide and then rhe ^be wool is first oxidized by hydrogen 

^ further ‘f'^aolved in sodium carbonate 
beCompte and ^ the causbe-soda method was achieved by 

of wool 4oJ ^ 20-gram 

‘®bing the sample stan^ f 1 sodium hydroxide, 

Pmximately S m]? f ^°ij^ ^ minutes and then diluting with ap- 

^"d'vashed wnh bbered oSt 

friig and weighing Li 1 ow®t^ Washing with water, 

^cy report the ^ method is quick and fairly accurate 

of recovery on var.o4 ^of 

Ji„yi,i SaeMy of New Scull, Wole, 

4. G i'S Co. M H "- «' P" ssMwTms) 

UK ana Co., M R , Am DyeSluf Ropir, 35, p, 509-SI0, Nov 
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TABLE 2 PERCENTAGE RECOVERY OF VEGETABLE MATTER 
BY THE SODIUM HYDROXIDE ISOLATION PROCEDURE 

Percentage recovery based on 
Type of uds of v nu without 

vegetable matter correditng for ash 

Cockleburs 108-110 

Sandbur 105-112 

Spiral bur 103-109 

Allalia 96-104 

Straw 84- 89 

The results given in Table 2 show a general tendency toward high 
lecovenes of vegetable matter, therefore the authors suggest a correc- 
tion factor of 0 984. 

There is additional value in this method as it takes care of other 
impurities which are not vegetable matter, such as pieces of skin, tagg)' 
portions, and hard pieces of paint 

This method is at present a standard method of the Wool Section 
of the U S Department of Agriculture and is also used by the U. S 
Customs Laboratory 

The comparison method developed by Wollner, Tanner and Michel- 
son9 consists of the immersion of the scoured sample m a liquid of the 
same refraction index as wool ( 1 55S) resulting m the invisibility or 
transparency of the wool fibers The vegetable matter embedded m the 
sample, having a different refractive index or color, remains visible and 
IS compared and matched with photographs of known weights of the 
same type of materials and in this manner is indirectly weighed 
A suitable liquid which duplicates the refractive index of wool is a 
mixture of monochlornaphthalene and a petroleum distillate 
The apparatus required in this method and known as the Trans- 
panzer, (Fig 19), consists of an immersion vessel with a translucent 
bottom illuminated from below and a viewing device for the standard 
photographs In addition, a set of photographic standards (transparen- 
cies) representing weighed quantities of different burrs is necessary 
The procedure used by the Customs Laboratory is as follows 

Fifty grams of scoured wool consisting of not less than 10 small 
random portions are taken from tlie material to be tested The sample 
IS then spread out by hand and dropped into the liquid in the immer- 

H J > Tanner L, and Michelson, I , Am Dyestuff Reptr, 33, PP 
37S-8, (Aug 28. 1944). 
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content of vegetable matter in the material is high, it is advisable to 
make several determinations with smaller samples in order that the 
vegetable matter may be spread out sufficiently to permit easy 
matching 

Entrapped air bubbles m the immersed wool interfere with the 
determination To avoid such a condition it is best to drop the wool 
gently into the liquid previously placed in the vessel , as ffie wool 
sinks tlie air is completely displaced A cover glass is then pressed 
down over the wool and fastened The layer of compressed wool is 
generally about inch thick The vegetable matter in the sample is 
now clearly visible and ready for matching with the standard photo- 
graphs (Fig 20 ) 


Matching means the reproduction, by means of the standard photo- 
graphs, of the appearance of the immersed sample as to type, size, and 
number of particles of vegetable matter Matching is done in steps 
First, the various types of vegetable matter present are identified by 
inspection Starting with a particular type, the operator classifies the 
particles as to size by comparison with the various sizes represented in 
the several series of standards of the same type, and selects a particular 
size as the one to be matched Various combinations of plates from the 
proper ^ries of standards are viewed on the illuminator until one is 
found which appears to have the same number of particles as the sample 
After an approximate match has thus been made, the corresponding 
partides in me sample and on the standard plates are counted and the 
match IS made more exact by such changes in the combination of plates 
as are required Wiffiout removing previously selected combinations 
from me standards illuminator, the operator repeats these operations 
for other sizes and types This is done until all the types and sizes 
present in the sample have been correctly matched by a number of 
superimposed plates ^ 


The total weight of vegetable matter m the sample is the sum of the 
weig s represented by each of the standard plates required in the final 

m^Tabll 3 sampling by this method is shown 


There are several limitations to the application of this method Dif- 
cu ties in achieving transparency are encountered in cases where the 
rfffi u refraction or is strongly colored 

* ^ acliievmg good quantitative determinations are encoun- 

^ number of types of impunties, the number of sizes of 

a type present, or the total number of particles is large. The most 
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row 

^ e or Bathrust bur (Genus Xanthtum) A — ^large, B — smalJ 

ommon or Trefoil bur (Genus Medtcago) C— large, D— small 

3rd row Shive (Grass) E-large. F-small 

w G— sandbur (Genus Cendrus) H— barley grass (Genus Hordeum) 
Fjj 20 r 

“’i types ^ vegetable matter found in wool as viewed in the 
Transparizer (natural size) 


fiotti 
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TABLE 3 PRECISION OF TESTING AND SAMPLING 
(IN PERCENT) 

— Standard devtaiton, a — Sampling 
Com vcg matter Testing Sompling and Test mg 

] 009 011 014 

4 018 020 027 

9 0 45 0 70 0 84 


serious difficulty in this method of indirect weighing is encountered in 
those types of impurities which vary greatly in particle size For 
spherical particles, an increase in diameter of only 10 per cent corre- 
sponds to an increase in volume and weight of 33 pei cent , a diameter 
increase of 30 per cent more than doubles the weight It is, therefore, 
essential to have standards representing the various sizes commonly 
encountered within each type of impurity, and to match the sizes care- 
fully 

While each type of vegetable mattei in wool naturally occurs m a 
variety of sizes, it is usually found possible to match the common sizes 
A ^ j three series of standards for any one type 

Another difficulty is in the variations that occui in the weights of 
difterent samples of the same burr type without any outstanding dif- 
ference in size, as bi ought out by Lipson 

Grease coi^ent tn scoured wool In checking whether or not a wool 
a sufficiently scoured, the most important test is the ether and 
alcohol extraction Tlie ether removes all of the free fat and small 
sgcs of soap, whereas the alcohol removes soap and waxes The 
“P by A S T M .s recomm^ded The proce- 

aoo£S«?W of loose wool aie extracted in a Soxhlet 

20 octractions, which require about hours The ether 

saSSe to constant weight The extracted 

12 ^trarfanni iwith ^wne ^ extraction in a Soxhlet apparatus for 
hours The silenh!!i P®** oent) alcohol requiring about two 

weight evaporated and the residue dried to constant 

berate ilTis^lesQ tetrachloride m place of ether 

alwavs hiffher narf The carbon tetrachloride extract is 

always higher, as part of the soap is dissolved with it 

th^mSL?SeIni??p’‘^ developed by Mr McKenzie of 

an aluminim contain?^ Company using metal cups with plungers, 

mill ^ greasometer. It is suLbll for 

good occuricy The 
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A five gram sample of scoured wool, top or yarn is placed m a metal 
cup, then 30 cc of carbon tetrachloride is poured on it ; the sample is 
pressed down hard in the cup ten times with a plunger and then 
allowed to stand for one minute. The pressing is repeated two times 
at one minute intervals After this, 12 cc. of ^e solvent are squeezed 
from the sample into a graduate with the help of the plunger. This 
liquor IS then emptied into an aluminum container and placed in the 
dryer for the solvent to evaporate which normally takes three minutes 
The container is removed from the greasometer and allowed to cool off 
one minute before being weighed By dividing the amount of grease 
left m the container by 2, each milligram is equal to one tenth of one 
per cent 

Due to the shortness of the method, certain corrections have to 
be made 


If the result is less than 0 30 per cent, add 0 2 per cent 

If the result is between 0 30 per cent and 0 SO per cent, add 20 

per cent. 

If the result is over 0.50 per cent, add 10 per cent 
With ten or more aluminum contamers and two to three dryers, fifty 
or more analyses can be made daily without difficulty 
Ash content of wool Two or three grams of clean wool are accurately 
Weighed and ignited to constant weight in a porcelain crumble The fin^ 
wmght is recorded as the ash content The normal procedure is to use 
^ burner in the beginning and finish up with a blast burner 

pH value of wool Ten grams of wool are immersed in 20 ml of 
Water m a SOO cc Erlenmeyer flask After soaking 20 minutes at room 
emperature the-pH-value^can Jie-fletermined ”by'-colorimetriC“Or'elec- 
tro metnc methnrls 

OtI and size content in yarns Yarns are generally tested for oil and 
ze content Determination of oil content is done by ether and alcohol 
li , descnbed m A S T M Designations D 403 and 404 and is 
nrp ^ extractable matter. The method used for sizing compounds 
Th*^^ sized warps is descnbed m A STM Designation D 629-46T. 

e oven-dry sample is immersed in a 3 to 5 per cent aqueous solution 
. ? and protein-solubilizing enzyme preparation for one hour 
Sam *1 temperature range for the particular enzyme used The 

1 then rinsed twelve times in hot distilled water and dried The 

represents the amount of size 

for fabrics Fabncs are generally tested chemically 

tatty matter, sizing compounds, fimshing and other matenals, 
®*^ttt of acid and alkali (or pH value), fiber content and color 
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Tests for jatty matter are based on the Soxhlet extraction for control 
purposes m manufacturing Sizing compound tests are the same as for 
yarns For identification of finishing compounds the use of the 
A A T C C. procedures are recommended 

The actd or alkaline condition of the cloth is determined by its pH 
value by a process similar to that described for loose wool. Fabrics 
should be cut into small pieces before immersing in the test solution 
for one hour before the first readings are made. 

For quantitative analysis of the amount of acid present in pieces, the 
modified jqtgidine.~o iethod jLs jiecommeii^d A two-gram sample is 
placed in an Erlenmeyer*Sask (500 cc) and 200 cc of water and one 
cc of pyridine are added The flask is then stoppered and allowed to 
remain for two hours with occasional shaking The liquor in the flask 
IS then transferred to another flask and the piece rinsed three times with 
100 cc of fresh distilled water, all three rinse waters being added to 
the original extracted liquor The total solution (500 cc) is then titrated 
with N/10 sodium hydroxide, using phenolphthalem as an indicator 
This method gives excellent lesults for control work in the carbonizing 
process and also for piece-dyed materials 

For quantitative analysis of the alkali present in pieces, the only 
method for which reasonable accuracy can be claimed is the one by 
Hirst and King By this method the wool is placed in water containing 
terephthalic acid in suspension The alkali in the piece reacts with the 
acid to form sodium terephthalate, which is soluble in water. The 
amount of salt formed is estimated gravimetrically by filtering out the 
unchanged terephthalic acid To the filtrate is added dilute sulfunc 
acid, which converts the sodium terephthalate into insoluble terephtha- 
lic acid, which precipitates and can be filtered off and weighed This 
method is used for dyed fabrics which bleed For white fabrics, loose 
wool or yarn, the alkali is determined directly by volumetric means, 
using Bromophenol Blue as an indicator The liquid containing tereph- 
thalic acid and sodium terephthalate remains purple until the whole of 
the salt IS converted into acid, using dilute sulfuric acid as a converter 

Recommended also is a modified form of the pyridine method as 
used for the acid determination A two-gram sample is treated for two 
hours with an excess of normal sulfuric acid (10 cc) in 250 cc distilled 
water The solution is then poured off and the piece allowed to remain 
in the Maker until nearly dry From then on Ae procedure is the same 

j determination of acid m the piece The acid left in the solution 
ana the acid absorbed by the piece, which is found by the titration with 

’”Joumal oHhc’textile Institute, 17, (1926), pp 94-100 
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N/10 caustic soda, is subtracted from the total acid added The dif- 
ference IS the amount of acid needed to neutralize the alkali in the piece 

Fiber conicnl For the determination of the fiber content in fabrics 
b> chemical analysis, the quantitative methods described in A S T.M 
Designation D 629'46T and by the A.A T.C C m the tentative test 
method Identification and Quantitative Separation of Fibers are 
recommended. The most important mcUiod for the determination of 
wool content in w'ool-cotion, wool-ra)on and vegetable fiber mixtures, 
is the sulfuric acid iitclhod developed by the A A.T C C. The procedure 
IS as follows . 

A Standard procedure Clean, dry and weigh the sample (about 
2 grms ), immerse in 200 ml of a boiling 1% solution of sulfuric 
acid for about 7 to 10 min , transfer to a Gooch filter and remove 
the excess acid by suction Place the sample m 200 ml of a 70% 
solution (by weight) of sulfuric acid at 100® F (38® C) and 
work it for IS mm Filter on a Gooch or fritted glass filter (or 100- 
mesh screen) and wash well with cold water, then place the sample 
m a beaker of 2% sodium bicarbonate at room temperature tor 
5 min Filter again, wash well on the filter, dry and weigh This 
method dissolves all the ordinary fibers except wool which is left 
as a residue , no correction factor is necessary for a normal wool 
If reprocessed and/or reused W’ools are claimed or known to 
be present, the sulphuric aad residue should be adjusted by adding 
to it an amount equal to the product of the sum of the percentages 
of reprocessed and reused wools times 0 04 For example, if it is 
claimed or known that a product contains 30 per cent of repro- 
cessed and/or reused wool and a woolen fiber content of 78 7 per 
cent IS obtained by analysis by this method, then there should be 
added to the percentage an amount equal to 30 times 0 04 or 12 
per cent, making the total wool content 79 9 per cent 

B.^ Alternate sulfuric acid method particularly adaptable to 
routine analysts The dried, weighed sample (2g ) is immersed 
m 200 ml. of a boiling 1% solution of sulfuric acid for 7-10 mins 
It is then transferred to a Buchner or Hirsch funnel (45 mm dia 
disc) and the excess acid solution removed by suction The sample 
is allowed to cool, then it is held over a 400 ml beaker and care- 
fully cut into strips or shreds approximately Ji" x 1". 200 ml of 
70% ±1% sulfuric acid solution at 100® F are added and the 
whole allowed to stand 15 mins with frequent stirring. In the 
meanwhile a liter beaker is partly filled with 600 ml of cold water 
and at the expiration of the 15 mins the 70% acid solution con- 
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taming the sample is cautiously but quickly poured into it. The 
400 ml. beaker is rinsed with 2 50-ml portions of water. The 
sample is then recovered by filtering the above solution in the 
Buchner or Hirsch funnel through a disc of bleached, unstarched 
80/^ cotton print cloth using suction The sample is rinsed with 
several portions of cold water, sucked reasonably dry and the 
whole pad (disc plus fiber) carefully lifted out of the funnel 
by means of tweezers and dropped into 20 ml of a' cold 2% 
solution of sodium bicarbonate and neutralized for 5 mins It is 
again collected on the same fiber disc in the funnel, rinsed with 
several portions of cold water, sucked reasonably dry, the disc 
lifted and placed in the oven to dry When dry the recovered fiber 
mass IS carefully transferred to a weighing bottle, placed in the 
drying oven again and dried to constant weight Results should be 
calculated on an oven dry basis 

JVool damage One of the most common pioblems m wool manufac- 
ture IS determination of the damage done to the wool fiber during 
processing This, in turn, leads to the cause of the damage, and the 
remedy, if possible The most common types of damage are those due to 
alkalis, acids and oxidation 

Chemical methods foi measuring the amount of damage which fibers 
or fabrics have undergone during manufacturing or wear are based 
on the greater sensitivity of damaged fibers to chemical treatments and 
their increased absorption value for certain dyes Most of the tests are 
not specifically for one particular type of damage In all cases, it is 
found that the wool keratin in the damaged fiber has been changed 
chemically, as can be detected by the change in the sulfur, cystine and 
nitrogen contents. The determination of sulfur and other keratin com- 
pounds IS too involved for general laboratory use The colonmetnc 
methods are tlie simplest, but also have a disadvantage in that they can 
be used only on undyed material The two best known are the methy- 
lene blue absorption by Kronachei and Lodemann and the benso- 
purpunn tests of Sieber The proceduie for the benzo-puipunn is as 
follows 

One gram of neutral wool is placed in 100 cc of a solution (0 1 
grams per liter) of Benzo-purpunn 4B (duPont) The solution 
IS brought to a boil and boiled for one minute The material is then 
washed in hot water until all the excess dye is removed, and dried 
After tins treatment, undamaged wool shows only a slight pink 
color, whereas damaged wool mav range in color from a pink to a 
dark red, ’ ^ 
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Another method is the Kettering niotiificalion of the Rimington- 
Pauly test" \% Inch is more or less a quantit.ative method. The procedure 
IS as follows . 

To a mixture of 10 cc of IQ% sodium sulfamlatc and 5 cc. of 8% 
sodium nitrite, add 2 cc. of cone, hydrochloric acid, shake gently, 
and let stand for one minute Then add to this a mixture of IS cc. 
of sodium carbonate solution which contains a 0 1 gm. sample 
weighed under standard conditions. Allow to stand exactly 10 min 
Remove the sample, wash it in a sintercd-glass crucible with 300 cc 
of distilled water, and dry it on a watch glass in a dark room 
When dry, add tlic sample to 50 cc. of 2N sodium hydroxide and 
allow to stand for 18 hrs. Shake well and compare this solution 
with 0.1% New Acid Brown S, using a colorimeter and artificial 
light. (Prepare the dye solution the day before and filter imme- 
diately before use ) For the purpose of establishing a scale, Riming- 
ton defined 100 units of damage to be such that a 0 1 gm sample, 
after treatment, j'lelded 25 cc of solution witii exactly the same 
color intensity as the 0 1% New Acid Brown S. All reactions have 
to be performed under a constant temperature of 70° F. dzl° and 
every solution must be freshly prepared 
Acid damaged wool is best delected by combined chemical and optical 
methods requiring the aid of the microscope since no purely chemical 
methods are available. 

The best method for determining the extent of oxidation in wool was 
developed by Hams and Smith " The basis of this method is the fact 
that wool, when attacked by oxidizing agents, shows as increased solu- 
bility in alkaline solutions The procedure is as follows 

One gram of wool is treated with 100 cc 0 1 N solution of 
sodium hydroxide at 65° C foi one hour After this treatment 
the wool is recovered on a Buchner funnel, washed with about 
2 1 of water and dried to constant weight at 105° C 
The loss in weight is an indication of the damage The alkaline 
solubility of undamaged wool does not normally exceed 12 per cent 
As soon as the alkaline solubility is higher than 20 per cent, the wool 
IS considered severely damaged The alkali solubility test is applicable 
for oxidation damage caused by (1) hydrogen peroxide bleaching, (2) 
chlorination and brommation, (3) exposure to light / 

I»any oxidation of wool, sulfur compounds are set free These com- 

Y Journal of Home Economics, 28, No 4 (1936) pp 2SS-9 
fO Smith, A L, J Research, Nat Bur Standards, 17, RP 928 
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pounds react with heavy metals such as tin and lead to form the^rown 
and black metal sulfides On tins reaction Smith and Harris have based 
the lead acetate test and Bccke, the tin-salt test.*^ 


Color Fastness 


For determining the fastness of dyestuffs on the fiber, use of the 
standard test methods of the American Association of Textile Chem- 
ists and Colorists as published m their yearbooks is recommended 
The methods of special , interest to wool men are : 

Fastness to Light, Laundering and Domestic Washing W-lj 
Scouring and Mill Washing W-2 , Fulling W-3 ; Carbonizing , Per- 
spiration , Acids and Alkalies , Sea water , Rubbing (Crocking) and 
Dry cleaning 

Whenever possible in woolen mills the tests should be conducted 
under actual process conditions 

The following apparatus are used for some of the above tests. Light 
test Sun exposure cabinet Such a cabinet, generally made from wood, 
is covered with a good grade of window glass approximately 54 mcli 
thick and open at Sie sides to allow free access of air to all speamens. 
The specimens are placed at a distance from the glass of not less than 
Yz in^ The cabinet is mounted on a roof so that the specimens are 
inclined due south at an angle of 45° from the horizontal. Exposures 
are made between the hours of 9 A M and 3 P.M. (standard time) . For 
proper classification of the light fastness it is necessary that the samples 
tested be exposed simultaneously with standard dyeings. Seven such 
standard dyeings are available from tlie A A T C C.*^ 

Artificial hght test The preferred apparatus for this test is a Fade- 
Ometer, type FDA— R In this apparatus, tests specimens measuring 
254 by 3 inches are exposed to a carbon-arc light, around which they 
rotate slowly The air around the samples during exposure is humidified 
andjthe temperature automatically controlled so that it does not exceed 
105° F As these lamps vary considerably m their fading action it is 
^sential tliat a control dyeing be exposed for each 20-hour cycle that 
the machine is used It is essential that the Pyrex ^lass cover which 
encloses &e carbon arc be cleaned every 20 hours to assure uni- 
formity of fading Another limitation is tliat some dyes fade dif- 
ferently in this lamp than they do under the standard sun test. 


^^Lehnes Faebr Z , 3, Mch 1912 
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Washing, laundering and fulling. The standard machine adopted by 
the A A.T C C is the Launder-Ometer It consists of a heavily con- 
structed copper tank, supported upon a rigid angle-iron frame. Within 
this tank there is a brass and aluminum rotor that carries up to twenty 
standard pint jars in which the tests are made. The speed rotor is 
securely fastened to a polished stainless steel shaft, which is rotated 
in double annular ball bearings The rotor is driven at a standard speed 
of 42 rpm by a one-quarter h p motor, controlled by a clutch of the 
double slotted type A round, nmmed handwheel securely mounted 
on the shaft enables the operator to turn over the rotor for inspection 
or loading. 

Rubber or metal balls are added, as specified, to the jars along with 
the material being tested to increase the intensity of the action, cut 
down the time element, and more nearly duplicate the actual conditions 
of laundry and scouring practice The tank is regularly heated by a gas 
burner, but may be heated electrically or by steam The apparatus is 
very useful, also, for determining the scourability of wool lubricants 
such as mineral oil emulsions For fulling tests in the Launder-Ometer 
a knitted tubing is used 

Crocking. The official machine of the A A T C C is the Crockmeter, 
obtainable from the Secretary of the Association The crock spot, which 
IS produced on a white cloth by sliding it back and forth twenty times 
over the test specimen, is evaluated by comparison with the A A T.C C 
Color Transference Evaluation Charts 


Optical Methods 

In this section all methods are discussed in which the use of a micro- 
scope IS essential The most important optical methods established in 
ffie woolen industry are the methods of test for fiber identification, 
fineness of wool, and fiber damage 

Microscopy. Microscopy requires a delicate technique and consider- 
able skill on the part of the tewnician, and this is particularly true in 
the case of fiber microscopy A knowledge of the proper methods of 
preparing specimens for examination, of mounting them and of the 
proper selection of lenses, is essential The characteristic markings 
and structure of the vanous fibers can only be brought out by careful 
techniques These can only be developed with considerable practice and 
’^hrnate knowledge of the possibilities of the microscope 
Fiber specimens may be mounted in various ways For temporary 
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mounts and rapid obseni’ance an ordinarj ^\ater mount may be used. 
Water has the disadvantage that all fibers swell in this medium; for 
example, tlie wool fibers swell 10 per cent and ra\on fibers as much as 
30 per cent The best mounting agent for general work is CP. gl>xerine 
No sw'elling occurs and any mount made with gheenne can be used 
for measuring purposes 

For the longitudinal obser\-ation of the fibers, alw ays the first step 
in microscopic fiber analysis, the fibers should be well separated so tliat 
as few as possible cross one another. If necessary, they should be cut 
in short lengths to come wnthin the area of the cover glass The com- 
mon method is to put two drops of gl>cenne in tlie middle of a glass 
slide with a dropper or glass rod and spread them over approximate!} 
half the area of a cover glass Then, a small bundle of fibers is laid 
neatly on top of the gljcenne and, wnth the help of a dissecting needle, 
slightly immersed m the liquid With a tweezer the co\*cr glass is care- 
fully laid over them, the air allowed to escape and then the glass is 
gently pressed dowm to flatten the specimen. In making observations 
under high power it is especially necessary that the fibers lay individu- 
ally , if several are piled up across one another the focus becomes dis- 
torted and, unless the observer is stalled, he may mistake shadows for 
important martangs In most instances, the characteristic markings, 
boui on me surface and in the interior of the fibers, are clearly enough 
denned for the identification of fibers such as wool, silk, cotton and 
some the rayons In case of undyed fiber it is often necessary^ to 
color ge fiber slightly to bring out the-markings A favorite stain for 
wool fibers is Safratune 

Apparatus The ^'a^o^s optical concerns have developed speaal 

Md fabrics 
^ microscope is 

ve^ useful This mstrument has a drum-ty-pe rotating obiective holder 

flmS mVificationTS six dS 

SSLSSgS S"® ^ Sivas a three- 

rangmg from 50 to 500 or more For textile fihJS^N^ magnificataons 
tion ranges are between 250 and 500. magmfica- 

Menbfication of the 

of the epidermis structure medulla. A special study 

which are closely SS animaf?w’^^ ^ mohair blends. 

} related animal fibers and can only be disHnguished 
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by the difference in the scale formation. In glycerine, as in most of the 
other mediums, the visibility of the scale lines is very poor and there- 
fore, the counting or measurement of the scale lengths is very tedious 
and time consuming Various methods have therefore been developed 
The best known method was developed by Manby and Hardy and 
further improved by Reumuth, and lately by Schramed and Helm 
The basis of this method is that the fiber is only half immersed in the 
imbedding medium, with the result that the lower part of the fiber is 
optically eliminated, and the surface structure is brought out clearly 
(Fig 21 ) The procedure 
IS as follows : The fibers 
are fixed across a glass ( 
metal frame The frame, 
with a dozen or more sin- 






t t t 


gle fibers, is then laid 
across a glass side pre- 
pared with a fine coating 
of an imbedding medium 
such as diluted Canada 
balsam, celluloid in amyl 
acetate, or any good qual- 
ity of colorless finger-nail 
polish Care must be 
taken that the fibers are 
only partly immersed in 
the medium As soon as 
the solvents have evapor- 
ated and the coating is 
dry the fibers aie trimmed carefully from both ends of the frame 


4*<. yf 'V 

t*- ifa 



New Way Regular Way 

Fig 21 Embedding methods for surface structure 
study Reumuth 


Another method which gives the same result is preparation of a 
rast or imprint of the fiber surface The method described above can be 
followed but, instead of leaving the fibers half immersed in the im- 
bedding medium, they are removed and the mold which is left can be 
photographed This method can be considerably simplified by the use 
ot l^ansparent thermoplastic films as described by Hardy and Phtt^s 
_ study the cortical cells the fiber has to be gradually disintegrated 
the best known methods for this purpose are the use of concentrated 
suituric acid, formic acid and ammonia McMurtne*® gives the follow- 


|oJY>Wbfc Circular 7, U S Department of Interior, (1940), 

McMurtne, W , Report Upon an Exanunatton of Wools and Other Ammal 
I thcrs, U S Govt Printing Office (1886) 
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mg procedure . The fibers are placed on a glass slide and covered with 
the cover glass, which is held in position by a small drop of water One 
or two drops of concentrated sulfunc aad are then applied ,near the 
edge of the covei glass so they will spread and be drawn under it by 
capillary attraction The fiber will disintegrate down to a mass of 
elongated fiber cells This breakdown is speeded up by application of 
heat and pressure In recent years most of the studies on cortical cells 
have been made on cells liberated by bacterial action Burgess^^ sug- 
gests the following technique 

(a) Trypsin solution 

Trypsin (B D.H ) 0 5 g. 

Water (distilled) . 100 cc 

(b) Buffer solution (pH value 8 6) 

0 10 M Potassium di-hydrogen phosphate . . 34 cc 

0 05 M Borax . ... . 66 cc 

The wool (0 1 g ) IS relieved of natural or added grease, wetted out 
immersed in a mixture of 5 cc each of solutions (a) and 
(b) in a test tube Two drops of toluol are added and the tube corked 
and incubated at 35° to 40°C Full disintegration is usually accom- 
plished within 48 hours 

To study the ovabty or contour of a fiber the prep- 
essential and only a thm cross section 
fZKh information In case of strong pigmented and dark- 

valL and the cross section 

«rproperi;trrtt"?hS oMh 

compact microtone (Fig 22 ) Wnh ^ simplified and very 

suitable for microscopic^ex^mmation S ^^'^hnique, sections of fibers 
length of time ^ amination may be prepared m a minimum 

essentially,^! tVos^eo^abk^?af'^^^A 11/16 inches and consiste, 
plates are frictionallif held ^ 

B has a milled, smSth- Ifedfiffr ^ 

and H inch long The comDamon^SirT'''''® ® ^085 inch wide 

the slot D longitudinallv ac d ” ^ wries a tongue, which enters 

ng^tuomally as shown, and fits into it withm very close 


VpZnJaTl ( 1929 ) 

of P,bcrs. D A ^ 
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Fib 22 Hardy’s thin cross section device {Courtesy A M dc LaRtic ) 

limits. This tongue is supported by a web which lies beneath the plates 
and IS nt^ visible m the illustration Mounted on plate B is a swiveling 
racket E pivoting at F, and held in proper relation to the slot by 
means of a pin-lock G The bracket carries a micrometer screw bearing 
a graduated head H readable by reference to an index I This microme- 
ler screw actuates an extruding plunger (not visible) whidi may be 
made to enter the slot perpendicularly by turning the milled screw H 
In use the two plates A and B are separated, the lock G released, and 
me swivel E turned to a position transverse to the plate B. The fibers 
n packed into the slot D and compressed into a com- 

^ct bundle by inserting the tongue and pushing the two plates A and B 
into engagement The excess material extending from either side of 
trimmed off flush by means of a suitable cutter, such as a 
in blade. The bracket E is now turned to the position shown 

1 "‘“stration and locked, the screw head H being turned until 
abutment with the bundle of fibers, indicated by a 
gnt extnisitm of the fibers observable on the reverse side of the plate 

rmnn®? of bundle of fibers exposed 

^ plunger, allowed to diy, and the slightly projecting end is 
® discarded The graduated micrometer screw is now 
aPflin thickness of the section desired, the solution 

r allowed to dry and the section sliced off This slice is 
mWni! mounting with Canada balsam under a cover glass for 
examination As many sections are made as are required 
The SS* f” ff'^okness obtainable is of the order of 0 0001 of an inch 
utes fnt. ^ consumed in the complete operation is about ten mm- 
the operator, as compared with several hours using 
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More nigged mstnimeiits are built on the same pnnciple to make the 
short fiber sections used in the detennination of fiber fineness (Fig 


23.) 

The device has many prac- 
tical applications Information 
on the commonly used vrool- 
ra 5 *on, and wool-cotton-ray- 
on mixtures can be suppli^ 
quickly and quantitahveh 
through the use of this de- 
Mce Also blends of animal 
fibers such as wool-alpaca, 
wool-camel hair, wool-rabbit 
hair and similar blends may 
be determined quantitative!} 
The device is especially valu- 
able in detecting questionable 
or fraudulent practices or 
misrepresentation of quaHty 
The follow mg examples il- 
lustrate the procedures found 
m ASTM Designation D 
629 for the quantitative de- 
termination of fiber mixtures • 



Fig. 23 Cross secdon device for making 
short fiber sections for fineness measure- 
ments {Courtesy A. ^T rfe LaRuc ) 


AIpaca-7i>ool,vuxtiirc. Through a fine cross section tlie numencal 
percentage of wool and alpaca fiber was found to be 20% alpaca and 
70% wool The widtli of the wool fiber was found to be 22 microns and 
tlie alpaca 27 microns The wdght percentage was found by multipljnng 
the number of fibers by the square of the average diameter and by tlie 
specific grant}' (Table 4.) 


T\BLE 4 QUANTITATIVE DETERMINATION OF CONTENT OF 
^nXTURES BY NUMBER, DI.AMETER .AND SPECIFIC 
GRA^^ITy OF FIBERS (IN PERCENT) 


Number of Fibers N 
Diameter of fibers D 
Specific grantj S 
N sc D® X S 

Pcrcenligc fibers in sample 


AIpaca~zi.oal 

mixture 

Alpaca irool 

30 70 

27 0 22 

1.30 1 30 

2S4ol 4J(m 

39 61 


Rayon-xcool 

mixture 

Ra_fOn Wool 

68 32 

22 26 

1.53 1 30 , 

50355 28122 

64 36 
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Wool-rayon mixture. By longitudinal observation and cross section 
the numerical percentage was found to be 68% viscose rayon and 32% 
wool. The width of the wool was 26 microns and the rayon was 5 
denier (equal to 22 microns) (Table 4 Fig 24 shows a similar blend ) 



, , Fig 24 Wool-rayon mixture cross section (X 500) 

1/3— .588 wool (white) , 1/3 — 5 den lustrous viscose (white) , 1/3 — S den 

viscose (black) 


Standard Methods of Tests for Fineness of Wool 

Standard test methods have been developed jointly by the members 
of Section 1, Wool Sub-Committee A3 of Committee D 13, A S T M 
and the members of the Wool Top Committee of the National Associa- 
tion of Wool Manufacturers based on work done by Hardy, Kruegel, 
A Bergen These methods are described in detail in 

I ^®®*&nation D-419 Standard Method of Test for Fineness 
f>T Wool and also m Designation D-472 Specification and Method of 

^'^Texhle Fiber Atlas (2nd ed , New York Textile Book Publishers, 1945) 
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Tests for Futeness of Wool Tops which is also the official method of 
the United States Department of Agriculture There are two methods, 

1 e , the width method and the cross-section method. 

Width method. The A S T M Specification stales that “The width 
method is based on the projection of the image of the fiber at ^“*2“ 
magnification through a microscope on to a wedge ruler. The widtli oi 
the image of the fiber is recorded on the wedge ruler by which the 
fibers are automatically sorted according to their width.” 

Two methods are used to prepare the test specimen, the long fiber 
method and the shojt fiber method. In the long fiber metliod the test 
specimen, containing about 120 fibers is prepared in the following 
manner . 

From a staple, carded sample, or top a strand of fibers ap- 
proximately one-eighth inch in diameter and two inches or more 
in length is separated A small section half an inch or less in length 
is cut from this strand with a pair of scissors A drop of glycenne 
is placed on a glass slide and the fiber bundle mounted The fibers 
are uniformly spread with the aid of dissecting needles and covered 
with a cover glass 

In the short fiber method the fibers are cut to approximately 150 
microns m length This is about 1/170 of one inch A cross section 
device is necessary to prepare such short lengths The sample prefer- 
ably should be in the sliver form The cross sectioning device should 
be capable of holding a top sliver of tlie usual thickness The sample is 
locked 111 the slot of the holder and the projecting fibers trimmed flush 
with the upper and lower surfaces of the holder plate. Using the ejector 
mechanism tlie fiber bundle is extruded to tlie extent of about l50 
microns The projecting fibers are moistened with a drop of mineral 
oil, and allowed a few seconds for penetration before cutting the fibers 
off with a razor blade Tlie fiber sections are then transferred to a 
glass slide, and dispersed m 2 or 3 drops of oil The slide is completed 
with the cover glass (Fig 23 ) 

The short fiber method, even though it involves more difficulty m 
preparing the specimen and depends on the use of a cross sectioning 
device, insures a much better average sample and the short fibers can 
be measured at a higher speed and with better accuracy 

The slide, prepared in either way, is then placed on the mechanical 
st^e of the microscope and the measurements begun either from the 
left or Tight edge of the cover glass The image of eadi fiber is brought 
into sharp focus on the wedge ruler. The wedge ruler is turned until 
the image of the fiber to be measured is projected directly between the 
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t\\o lines oC tl^c wedge. The pl.icc where the wedge has pcactly tlic same 
width as Utc image of ific fiber is marked w illi a pencil line on the \s'cdge 
ruler. (Fig 25.) 



Fig 25 Wool fibers measured by the wedge ruler 

The image of tlie next fiber is brought into focus and measured as 
directed above and the measurements repeated on successive fibers 
until 100 fibers have been measured. For each 100 fibers a new wedge 
ruler is used. The procedure is repeated on additional test specimens 
until the number of fibers are large enough for proper calculation of 
the average From the wedge ruler measurements the average fineness 
of all fibers measured can be calculated To insure accuracy in these 
measurements the Standard Wedge Ruler, obtainable from Ae United 
btates Department of Agriculture (Wool Section), should be used 
The wedge ruler has certain shortcomings which lower the precision 
and take time to overcome A measuring device known as the Spirascale 
was desi gned by Wollner, Tanner and SpiegeP® to offset the shortcom- 
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mes of the wedge ruler. The certainty, speed and precision with wbch 
eioict tangency is achieved with this device unquestionably would be 
superior to those attainable by the use of the wedge ruler Unfortu- 
nately the device in its original form has proven unsatisfactory as it did 
not stand up under daily use 

Cross section method. In this method the image of the fiber cross 
section is projected through a microscope and measured as described 
under the width method or preferably recorded on sensitized or photo- 
static paper The fiber images are measured in two directions at right 
angles to each other, by means of a celluloid wedge measure or Tiy 
means of a bi-diameter scale Grandstaff and Hodde®* described an 
improved bi-diameter scale (Fig 26) which allows for more rapid 
measuring of individual fiber cross sections 
The specimen is mounted in a cross 
section device which consists of two 
parts a fiber holder with a fiber slot 
and a slide-holder with a metal plun- 
ger to fit into the slot of the fiber hol- 
der The test specimen consists of a 
strand of several thousand fibers, 
which IS inserted into the slot of the 
fiber holder and then pushed With 
the aid of a metal plunger into the 
fiber slot until all the fibers are held 
securely in place The slide of tibe 
slide-holder should exert sufficient 
tension on the fibers to hold them 
without distorting their shape. Pro- 
truding fibers on both sides of the metal slides are cut off and a drop 
of celluloid solution (collodion) is applied and allowed to dry The 
fibers are then cut off flush on both sides of the fiber holder by means 
of a^ sh^ razor blade. When the fibers are smoothly cut the cross 
sMtmn device is placed on the stc^e of the microscope and the image 
of the ^oss section of the specimen is focused upon a sheet of white 
paper For photographic purposes it is advisable to use an orange color 
filter to bring out greater detail on the photostatic paper Both methods 
find a wide application m the trade 



Fig 26 Bidiameter scale^ for 
measunng individual liber diam- 
eters. 


S'ftorf cMf cross section methods. For sheepbreeding work, such as 
sderting sheep on the merit of their fleeces or culling individual sheep 
producin g undesirable wool from a flock, Hardy and Wolf found the 

s “‘Grandstaff, J O and Hodde, W L Circular No 590 USDA Dec, 1940 
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standard cross section method too slow They developed two new 
methods for rapid determination of fineness and cross sectional varia- 
bility of wool These are known as the<ro««#and comparator methods 
In the count method the mean diameter of a given number of fibers 
is estimated by ascertaining the number of fibers in an area of 125 
square centimeters of the projected image at a magnification of 500 
diameters. By use of curves the mean diameter of the fibers can be 
determined directly, depending on the tightness of the packing, whether 
loose, adjacent or solid The last two types of packing are expressed 
by formulas obtained by mathematical analysis Table 5 shows the 
relationship between the number of fibers and average diameter of 
fibers, from the finest to the coarsest, for the three types of packing 


table 5 RELATION BETWEEN THE MEAN DIAMETER AND THE 
NUMBER OF FIBERS IN AN AREA OF 125 SQUARE CENTI- 
METERS FOUND ON THE PROJECTED IMAGE OF THE 
CROSS SECTION AT SOO DIAMETERS* 


Ptiert counted tn 
125 square centi- 
meters of area 
,, ~ — — p acke d— — — 

Hean 
diameter 

of fiber Adja- 

{.microns) Loose cent Solid 


Fibers counted in 
125 square centi 
meters of area 
— — ■■ p acke d’ - 

Mean 

diameter 

of fiber Adja 

(.microns) Loose cent Solid 


Mean 
diameter 
of fiber 

(microns) Loose 


Fibers counted tit 
125 square centi- 
meters of area 
—packed 


Adja 

cent 


Solid 


Num- 

Num- 

Num- 


Num 

Num 

Num 


Num 

Num- 

Num 

ber 

ber 

ber 


ber 

ber 

ber 


ber 

ber 

ber 


SOO 

637 

25 

74 

80 

102 

35 

36 

41 

52 


222 

284 

28 

57 

64 

81 

37 

32 

37 

47 


154 

197 

30 

48 

56 

71 

39 

28 

33 

42 

122 

125 

159 

32 

42 

49 

62 

40 


31 

40 

98 

104 

132 

33 

40 

46 

59 

42 


28 

36 


To obtain the fiber variability the two largest and the two smallest 
fibers m the cross section are measured directly. The differences be- 
fiveen the average of the two largest fibers and the average of the two 
smallest fibers is used to represent the range A set of empirical curves 
^ 27) with variables of mean diameter, standard deviation, and co- 
efficient of dispersion, is used to estimate the standard deviation By 
the count method it is claimed that the average diameter of wool samples 
can be estimated within ±0 5 microns of the value obtained by indi- 
vidual measurement of 100 cross sections of fibers 


Comparator method This method involves the comparison of 
greatly enlarged cross sections witli standard cross sections of meas- 
ured fineness and variability 

”Hard>, J I , and Wolf. H W Circular No 543, USDA Dea 1939 
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Fig 27 Relationship between mean di- 
ameter and standard deviation of wool 
fibers ranging mdely in fineness and 
variability Numbers on curves repre- 
sent cocfiicients 

of dispersion (iSSSEiS^am^X 
\ mean diameter / 


Pohle, Hazel, and Keller” 
made a large scale study of both 
methods and came to the follow- 
ing conclusions* The accuracy 
of single estimates of fineness 
by the count and rapid compara- 
tor methods was equival^t to 
that of measuring approximate- 
ly 75 and 62 fibers, respectively 
Both are much faster in prac- 
tice than measuring an equiva- 
lent number of fibers Average 
fiber diameter estimated by both 
methods appeared to be un- 
biased, although there was some 
evidence that the deviations of 
the finest and the coarsest fleeces 
from the average were underes- 
timated 

Both short-cut methods were 
sufficient!]^ accurate to disting- 
uish behveen uniform and 
variable fleeces, however, they 
were not very accurate in dis- 
cerning small differences in uni- 
foimity 


Mcasioing apparatus. For microscopic measurement of the fiber 
tineness, any projection microscope is suitable which has a movable 
stage and a fixed body tube with the necessarj’- objective and eye piece 
to give a magnification of 500 diameters Tlie Bausch and Lomb VU 
Th« dlustratcd IS especially suitable foi this purpose 

assembled on the basis of ion Bergen’s 
microscopic as well as plioto- 
up-to-date wool laboratory -For photomicro- 
28 ) “ m atok room 

‘"'‘'““'rts have been developed for wool 6be- 
measwrc tneiits Iwsed on projection meUiods Of tliese instruments the 

^ Circular No 704 United Stales 
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Zeiss Lanameter designed by Franz 
and Doehner was selected at the In- 
ternational Wool Conference at 
Warsaw m 1936 as "the sole Inter- 
national standard instrument for ar- 
bitrational wool-fineness measure- 
ment”. In England an instrument 
quite similar to the VH fiber ap- 
paratus IS used The fibers are pro- 
jected onto a white screen where the 
image is measured by means of a 
scale. 

The English projection micro- 
scope differs from the VH instru- 
ment m that it has a movable body 
tube and a fixed stage. It is equip- 
ped to give a magnification of 500 
diameters Traversing and focusing 
controls are operated by control 
ttbles which provide easy manipula- 
tion The screen on which the image 
is projected can be rotated or clamp- 
ed when necessary, and the gradu- 
ated ruler which it carries is free to 

Wove diametrically _ — 

^uipment used at the U S Department of Agriculture Western 
deep Breeding Laboratory, Dubois, Idaho is shown in Fig 29. This 
^mpment is especially suited for estimating fineness and uniformity 
y the rapid comparator method as described by Pohle and coworkers 
■the equipment consists of; A, horizontal type of micro projector which 
minifies, from a cross-section device, the wool sample whose diameter 
^d uniformity are unknown, B, 3S-mm. filnp-strip projector with 
^own fiber diameter and uniformity standards for each micron from 
lo to 42, which covers the range for domestic grades of wool. The 
standard lamp house on the 3S-mm projector was removed and the 
projector mounted m a specially constructed large lamp house (C) 
to give greater circulation of cooling air with longer life for the bulb 
dnd elimination of all light reflections from the projector; D, jUm mag- 
^me constructed to protect film during projection; E, receiving screen 
^the image from the 35 -mm film is projected through an orange-col- 
ored filter onto a brown paper used as a receiving screen, whereas the 



Fig 28 Bausch and Lomb VH 
fiber measuring apparatus 
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F>S 29 Equipment and apparatus usprf a 
Courtesy U S Det,t nt ^ comparator method 

^ u a Dept of Agrtculiurc Western a j- r , 

Dubots, Id/ho ^ ^ Breeding Laboratory. 
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sample image of unknown diameter is projected onto a dull white paper 
that gives both images approximately the same light intensity , F, rc- 
mote-control knob for 35-mm projector for ease and rapidityin turning 
film for matching the proper standard with the unknown ; the two pro- 
jectors are mounted so that they show wool fibers at X 500 magnifica- 
tion, the known standard appearing on the right and the unknown on 
the left, adjacent to each other ; G, switch for each projector , H, cross 
sections prepared for projecting and evaluating 


TABLE 6 REQUIREMENTS FOR WOOL TOPSi 


Grade 

Fineness range, microns 
Mm. 

Max. 

Fibers, per cent 
10 to 20 microns, incl , min 
10 to 25 microns, tnci , min 
10 to 30 microns, incl , min 
25 1 to 30 microns, incl , max 
25 1 to 40 microns, incl , max 
30 1 to 40 microns, incl , max 

30 1 to 50 microns, incl , max 
40 1 to 50 microns, ind , max 

50 1 and over microns, max 

Mm no fibers per sample re- 
quired for test 


80’s 

70's 

64’j 

62’s 

60’j 

58'j 

56’J 

50’s 

181 

196 

211 

226 

241 

256 

271 

291 

19 5 

210 

22 5 

240 

255 

270 

290 

315 

60 

50 

36 

27 

18 

16 

9 

4 

92 

84 

94 

88 

83 

74 

64 

45 

8 

16 






• 

025 

(05)a 

2 

6 

12 

17 

26 

36 

55 


025 

033 

050 

0 50 

2 

5 

10 


(0 5)a 

(1)» 

(l)a 

(l)a 

075 




« 

1 

125 





(lS)a 

(2)a (25)a 

400 

400 

600 

600 

800 

800 1200 1200 


^ From ASTM Designation D 472-41 

® Numbers m parentheses represent maximum percentage of fibers of that range 
permissible in substandard grades 


TABLE 7 REQUIREMENTS FOR WOOL TOPSi 


Grade 

48’J 

46’j 

44’j 

40'j 

36’j 

rmeness range, nucrons 

Mm 

316 

33 3 

348 

366 

388 

Max. 

332 

347 

365 

38 7 

413 

nibers, per cent 

10 to 30 microns, incl , mm 

34 

26 

22 

16 

12 

10 to 40 microns, incl , min 

77 

70 

63 

55 

44 

’01 to 70 microns, incL, max 

23 

30 

37 

45 

56 

dO 1 to 80 microns, incl , max 

2 

2 

3 

4 

4 

Min no nbers per sample re- 

quired for test 

1600 

1600 

1600 

1600 

1600 


’Tentative reidsion of ASTM Designation D 472-41 Submitted Jtme, 1942 
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Chemical-microscopic methods 

Fiber damage. Microscopic methods for detennming the various 
tipes of damage to wool fibers wliich occur during the growth of the 
^ber, the manufacturing processes or during \\ear, are quite numerous 
1. Alkali damage on loool The following microscopic dieniical 
tests for testing alkali damage are in use 

AWiVordlsche Rcaktion. This reaction is described under the action 
of chlonne on wool Nonappearance of tins reaction indicitcs alkali 
damage to the wool in a greater or lesser degree. Conclusions cannot 
be drawm as to the quantitative degree of damage since tlie reaction 
fails even when the afeali action is onlj* slight. 

Diaso reaction according to Pauly. Injured wools are colored orange- 
yellow to a full red in a soda-alkaline diazo solution The ^ino acid, 
tyrosin, present in the keratin of the fibrous layer jnelds tliis azo color 
reaction w hen coupled with diazobenzene sulfonic acid. ^lark developed 
a method from this reaction which permits qualitative and, to a certain 
extent, quantitative detection of injuries m tlie individual hairs by 
microscopical count 

This method was simplified by Sieber who found tliat, in place of 
tlie easilj'- decomposed diazo benzene sulfonic acid, the red direct dje- 
stuff Benzopurpurine 4B can be used. However, since tlie diazo re- 
action is applicable only to white goods its use is limited 

2 Add damage on icool The only chemical microscopic reaction, 
by wdiich it is claimed acid damaged wool can be detected is the swell- 
ing reaction m caustic soda and concentrated ammonia as developed 
by Krais and VierteP*' The procedure is as follows * 

The sivelling medium is made by dissolving 20 grams of caustic 
soda in 50 cc concentrated ammonia, with caution and proper 
cooling. A few drops of tins reagent are put near the rim of the 
cover glass under which are mounted a few wool hairs The caus- 
tic soda is drawm over to the fibers by means of filter paper and 
the swelling reaction which takes place is obsenad Undamaged 
wool does not show sw’dling in less than 8 to 10 mmutes, whereas 
acid-damaged wool swells in 1 to 2 minutes Alkali-damaged wool 
under the same circumstances shows an even more retarded reac- 
tion than undamaged wool, so flie discoverers claim the reaction is 
speafically for acid-damaged wool. As similar reactions take place 
w^th oxidized wool, care must be used in evaluating the result 
when the history of the fiber or fabric is unknown 


Fowc/niHpjftc/f, 15, German Inst. lor tlie Te-xUle Indnstr}-, 
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3 Oxidation da/mages. As already mentioned under chemical tests, 
oxidation damage can be detected by the high sensitiveness of wool 
fiber to caustic alkahs The microscopic chemical method makes use of 
this fact The amount of swelling caused by N/10 caustic soda can be 
used as a measure of the degree of damage The difference in the width 
of the wool fiber before and after the swelling is expressed in per cent 

Width is measured in the same manner as described under the width 
method for measuring fineness. The technique is as follows 

The fibers to be tested are mounted in water, on a slide, and 
then the width measured As soon as the first measurements are 
taken, two drops of 0.1 N NaOH are put near the rim of the 
cover glass By means of filter paper the caustic soda is sucked 
over the fibers from the opposite side of the cover glass This is 
repeated once more to be sure that all the fibers are iii contact 
with the caustic alkali The swelling takes place immediately and 
IS completed in a few minutes, after which the second measure- 
ments of the width are then taken by measuring the same fibers at 
approximately the same places as in the first reading 

To test the damaging action of hydrogen peroxide during bleaching, 
comparative tests of the chemical (alkmi solubility) with the micro- 
scopic (swelling) method were made by Harris and von Bergen as 
shown in Table 8 The method can be used with success for testing 
chlorinated wool as well as wool damaged by sunlight 


TABLE 8 

COMPARISON OF ALKALI SOLUBILITY AND SWELLING OF 
SAMPLES GIVEN SUCCEEDING H,0» TREATMENTS (In per cent) 

Alkali- 

sample Trealtncnt solubility Swelling 

Percent Percent 

1 None ... Ill 124 

2 Bleached with 2 71-\ol H,0, for 1% hr 172 14 7 

3 Sample 2 bleached with 2 62-\ol HjO> for IJ^ hr 20 3 18 6 

4 Sample 3 bleached with 1 70-101 HiO, for 1 hr 31 4 21.2 


Bacteria damage As preiiously described, bacteria damage can be 
lucntified easily with the microscope because of tlic presence of a great 
number of split fibers and free cortical cells The approximate bacteria 
Ullage can be estimated b} counting a definite miinbcr of fillers and 
expressing the numlier attacked as a percentage 
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Insect damage Damage caused by tns£cts such as moths and caipet 
beetles is detected by the presence of partly eaten fiber (See Moth- 
proofing.) 

The American Society for Testing Materials, in cooperation with 
the American Association of Textile Chemists and Colorists, has 
worked out the methods of test for resistance of textile fabrics and 
yarns to insect pests 


Photo-microscopy. 

For permanent records of microscopic work and protection m 
arbitration, purchasers’ disputes and court cases, photomicrographs 
are convincing and of great value. Photo-microscopic methods 
are practically the same as in the standard photographic proced- 
ures The only difference is that instead of using an ordinary camera 
with lens and housing the lens is replaced by microscope The technique 
necessary to produce satisfactory photo-micrographs can only be ac- 
quired through long practical experience The fundamental rule is great 
cleanliness of all lenses, mirrors, slides and cover glasses used, because 
any dust particles, and finger marks will show and distort the picture 
Plates most suitable for this work are the Wratten M plates manu- 
factured by Eastman Kodak Corp For good detail the use of filters is 
essential A green filter gives the best results in most instances East- 
man recommends also a special developer Success m this kind of work 
depends much on patience and attention to small details, as well as care 



hlcaid cross-section made directly on photostat paper (xSOO) 
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m keeping a record of each photo. For current work and laboratory 
records the simplest and most economical way is to use a fiber measur- 
ing projector and photograph the image on a photostat paper to pro- 
duce negatives. Tliesc negatives can be developed, rinsed and dried in 
an hour and are, in many instances, just as satisfactory as prints made 
from plates. (Fig. 30.) 

Inf fa-red photography When the surface structure of black or veiy 
dark dyed fibers needs to be studied, the normal way of stripping the 
color cannot be used, because the stripping may damage the surface 
structure In such cases, the use of infra-red plates will disclose the 
unchanged structure of the fiber. 

Microscopy with fluorescent light Since the introduction of simple 
and cheap lamps, the use of fluorescent light has found wide applica- 
tion in the detection of mildew growth, for the identification of dyes 
in color mixtures, and in the analysis of the numerous stains caused 
by oils and metals 


Statistical Analysis. 

The use of precision methods and the statistical analysis of results 
is considered a necessity today in textile technology Ten years ago 
only a few in the textile field realized the importance of this work, but 
today it is part of the daily routine of most textile laboratories and the 
basis of the quality control program of many mills As E R Schwarz^® 
so well stated ; 

This must be so because of the errors involved in any form of 
testing. These errors can only be dealt with intelligently by the 
application of precision studies and by the statistical treatment of 
the data Further, the materials themselves are variable and since 
to be of value many tests must be comparative, the significance of 
the results must be determined and their degree of correlation 
worked out No report of research results m the field of textiles 
particularly can be considered complete without a precision dis- 
cussion of method, equipment and results Not only how much, 
but how good a measurement must be reported Far too many 
tests are made daily by well intentioned but uninformed workers 
who obtain results upon which changes of vital concern to their 
par ticular branch of the industry will be based Far too often 

^ address to Annual Meeting of Am Assn of Textile 
Chemists and Colorists, Philadelphia, 1937 
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ods to govern tlicir control of product quality They achieved not only 
a more uniform end product but made considerable savings by hold- 
ing the product close to specification. 

The plan used at the Forstmann Woolen Company for quality con- 
trol of production of tlie 18 oz. olive drab U S. Army serge and the 
16 oz. navy blue U. S. Navy melton is given as an example 
To show the points of control testing in the general manufacturing 
routines for the two cloths, the preceding flow sheet (Table 9) is given 
The test procedures for the various processes are found by reference 
to the key. 

The control led to a study of tlie factors influencing the breaking 
strength of the two fabrics. It was found that the raw material is one 
of the primary factors. Yarns from fine domestic wools are generally 
iveaker, due to their shorter fiber length, than Australian or C^pe wool 
yarn of similar fineness. A change in the blend affected the strength 
level of the yarns and pieces as a whole. In the case of a 50/50 domestic- 
Australian wool blend, tlie strength increased 5 to 8 per cent over that 
of the 100 per cent domestic blend. 

The method chosen to dye the wool or top is another primary factor 
in the ultimate strength level. The length of time the wool is in contact 
with the dye bath and the temperature of the dye bath are the two most 
important factors In this connection the metachrome dyeing process 
with its shorter time produced 6 to 8 per cent stronger pieces than the 
top chrome dyeing process Continuous indigo dyeing with its short 
immersion time and low temperature yielded pieces which averaged 
about 25 per cent above the specified strengfth In the case of the indigo- 
chrome combination the strength level was 10 to IS per cent above, 
whereas the chrome dyed wool produced pieces which were approxi- 
mately 10 per cent below, speafications 
The variations introduced into the strength picture by the spinning 
^ocess are of a varied nature The yarn count directly affects not only 
the strength of the yarn itself but also that of the fabrics. A change of 
half a count metric in the two-ply serge yam resulted in a 4 per cent 
increase of the yarn strength 

Therefore, control over 3 ^rn count, that is, holding yarn fluctuations 
f small limits, will result m a reduction of the eventual variations 
in fabric strength. It was shown that the ply worsted yarn, by reason of 
me doubling twist, is about twenty-five per cent stronger than twice 
the single yarn strength 

. The yarn produced on ring spinning frames is two per cent stronger 
than the yarn spun on mules The amount of the difference, neverthe- 
less, IS not large enough to be of great importance 
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The yarn breaking strength varied directly with the amount of twist 
up to a certain maximum. Further insertion of twist then reduced the 
breaking strength A definite end point for practical strength increase 
exists for each yarn size. Small differences in twist witlnn the range 
that occurs m normal production have little or no influence on the 
strength of the yarn It is only when large differences in twist occur 
that an effect on the strength will be noticed. 

By the comparison of variations of worsted and wool yarn, indica- 
tions of the inherent manufacturing uniformity levels and variations 
have been revealed By reason of the complexity of the worsted yarn 
system small inequalities tend to be averaged out through the long 
-<-pdratory processes before actual spinning takes place This is not 
case m the woolen system Variations in roving off the cards is 
' rectly transmitted to the yarn as there are no intervening equalizing 
operations Assignable causes of variations of this type, due to the 
manufacturing process, can be minimized by strict control but not com- 
pletely eliminated without radical alteration of the process itself. 

The foregoing comments on manufacturing operations previous to 
weaving indicate that the material with which the weaver has to work 
is by no means uniform Since weaving is a combining operation, the 
yarn variations are carried over directly into pieces and form a part 
of the ultimate variations found in finished cloth 

To bring the factors influencing the breaking strength of Army and 
Navy cloth to a common ground, the coefficients of variation, that is, 
the relative variabilities, previously mentioned, are grouped in Table 
10 The coefficients are completely different for the two spinning sys- 
tems Wool spinning has more than twice the variability of the worsted 
system This generalization holds true for the piece goods The data 
show that the strength variations in the yams are directly responsible 
for the strength variations m the cloth. However, the worsted tends 
to increase in variability as manufacturing progresses, while, on the 
other hand, the trend in the woolen system is just the reverse Evidendy, 


TABLE 10 COEFFICIENTS OF VARIATION (PER CENT) 
THROUGHOUT MANUFACTURING 


Yarn Ring 

Mule . 
Pieces Gray 

Finished 


Worsted 

Domestic Blend Woolen 

Warp Filling Warp Filling Warp Filling 


55 

« 

45 

34 

40 

86 

87 

44 

40 

44 

40 

58 

70 

43 

52 

45 

44 

60 

81 
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tlic reaction of the product of ^^oo! <;pjnninK toward a loss of varia- 
bility, that is, a gam in uniformity 

The effect of fulling on \vor 5 tcd pieces is just opposite to that on 
woolen pieces While the woolens gam m ah‘^olulc strength, worsteds 
remain uncliangcd or become weaker, though both show a loss ■when 
breaking strength per thread is considered. 

Carbonizing and neutraliring tn piece form, w'hen properly con- 
trolled, ha\c very little effect. The effect of surface disturbing opera- 
tions, such as sanding and napping, can be measured directly by the 
change in breaking strength Operations designed to produce a certain 
toucli such as dccating and pressing have a complicated influence, the 
greatest part of which is due to moisture content of the cloth when 
testing is performed under mill conditions There is a definite peak 
strength to be associated with moisture content of approximately 8 
per cent. Higher or lower moisture content yields lo\ycr strength. The 
moisture level of control testing at 65 per cent relative humidity and 
70* F, is not that of maximum strength. 

The results of control testing throughout manufacturing permitted 
the setting of minimum strength averages to be maintained The figures 
m Tabic 1 1 give these levels The finished piece averages*^ had to be 
set high enough so that the normal fluctuations w'ould not cause any 
piece to fail specifications The yarn and raw' piece averages can then 
be adjusted to give the desired finished piece level Greater standard 
deviations than those given necessitate the maintenance of higher 


TABLE 11. PREDICTION OF STRENGTH 


Yorn strength needed 
Average 

Standard deviation . . 

Uray ptece strength needed 
Average . . ... 

deviation 

t'tntshed ptece^ strength needed to 
e ^pecificaUon 100 per cent 
Specification 
Average . . . 

Stand ard deviation .. , 

“Actual production = 193 lb 

spec^ratio*”^ standard deviations given, these are 3 sigmas above the 
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Woolen 

Warp 

Ftihng 

Warp 

Ftlltng 
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180 

87 

72 

70 

70 

80 

70 

143 

130 

55 

52 

70 

60 

40 

50 

120 

no 

58 

46 

141 

128 

70 

61 

70 

60 

40 

50 
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The American Society for Testing Materials is insisting upon con- 
siderations of precision and upon the statistical treatment of data for 
its textile work as well as for its other branches of activity and pub- 
lishes a Manual on Presentation of Data through their Committee 
E-1 on Methods of Testing. 

Committee D-13 of the A.S T.M. has a special sub-committee B-5 
for statistical analysis for textile tests, which has done a great deal of 
work in developmg the mathematical foundation for measuring fineness 
and length and for the identification of fibers. One of the latest works 
of this sub-committee is the recommended practice for calculating the 
number of tests to be speafied in determining average quality of a 
textile material Such methods were applied m numerous discussions m 
this book such as those on wool fineness, length and strength measure- 
ments 
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CoioRADO Wool Growths AssoaAiioN, Fort Collins, Colo 

Dominion Wool Dealers Association, Ltd, 217 Bay Street, Toronto 

Dow NTowN Textile Credit Group, Ixa, 40 Worth Street, NYC 

Eastern Maine Woolen Overseers’ Association, Guilford, Me 

Federation Lanera Argentina, 428 Cangallo, Buenos Aires 

Felt Association of America, 366 Madison Ave,, NYC 

Green Mountain Textile Overseers’ Assoctation, ProctorsviHe, Vt 

Hatters Fur Cutters’ Association, 29 Cloier St, Newark, N J 

Idaho Wool Growers Association, Boise 

Institute of Carpet Manufacturers of America, Inc., N Y, C 
International Assn of Garment Manufacturers, 260 Broadway, NYC 
International Wool Secretariat, 201 East 57th St, NYC 
Kentucky Wool Grower Co-operative Assoqation, Cynthiana, Ky 
Maine Woolen & Mfg Association. 

Master Dyers’ Assocation, 3419 Richmond St, Philadelphia, Pa. 
^DcHIGAN Co-operative Wool Marketing Association, 506 N Mechanic St , 
Jackson, Mich 

Montana Wool Growers' AssoaATiON, Deer Lodge, Montana 
National Assn of Waste Material Dealers, Inc, Times Bldg , N. Y C 
National .A.ssn. of Wool Fibre Manufacturers, 2300 Washington St, 
Newton Lower Falls, Mass 

National Assn of Wool Manufacturers, 386 Fourth Aie., N. Y C 
National Assn of Woolen & Worsted Overseers, Fulton, N Y 
National Textile Processors Guild, Inc, 51 Chambers St, N Y C 
Nation al Wool Growers Association, Salt Lake City, Utah 
National Wool Marketing Assoctation, Boston, Mass 
National Wool Trade Association, 263 Summer St, Boston, Mass 
Nf.w Mexico Wool Growfbs Association, San Mateo, New Mexico 
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Pacific Wool Growers Associatiok, Portland, Oregon. 

Pafermakers Felt AssoaATiOK, c/o Appleton Woolen Mills, Appleton, Wis 

Philadelphia Wool and Textile Association, Phila , Pa 

Soft Fibre Manufacturers Institute, Inc, 9 Rockefeller Plaza, N Y. C 

Tfvnessef Wool Growfrs’ Association, Franklin, Tenn 

Texas Angora Goat Raisers' Association 

Texas Sheep and Goat Raisers' Assooation, San Angelo, Texas 
Texas Wool and Mohair Marketing Assooatxon, San Angelo, Texas 
Textile Color Card Association of the U S , Inc, 200 Madison Ave , N.Y.C 
Textile Distributors Institute, Inc., 469 7th Ave., N Y. C 
Textile Economics Bureau, Inc, 10 E 40th St, N. Y. C. 

Textile Exhibitors AssoaATiON, Inc., 925 Park Sq Bldg., Boston, Mass. 
Textile Export Association of the U S , 40 Worth St, N. Y. C. 

Textile Research Institute, 10 E. 40th St, N. Y C 
Textile Refinishers AssoaAnoN, 1450 Broadway, NYC. 

Textile Waste Exchange, Box 1611, Atlanta, Qa . 

U S Trade-Mark AssoaAiTON, 522 Sth Ave., N Y. C 
Utah Wool Growers’ Association, Salt Lake Qty. 

Washington Wool Growers’ Association, Yakima, Washington 
Wisconsin Co-operattve Wool Groivers' Association 
Wool Assocutes of the N Y Cotton Exchange, 60 Beaver St , N Y C 
Wool Club of N. Y, Inc, 260 W. Broadway, N Y. C 
Wool Hat Mfrs Association of America, c/o Lamb & Lerch, NYC 
Wool Knit AssoaATES, Inc, 366 Sth Ave , N Y, C 
Wool Yarn Jobbers' O^it Association, Inc, 381 4th Ave., NYC 
Woolen Hosiery Instttute of America, c/o Handknit Hosiery Co, She- 
boygan, Wis 

Woolen Jobbers’ Association, Inc, 32 Broadway, NYC 

Woolen Wholesalers’ National Association, Inc, 32 Broadway, NYC 

WOOL MAGAZINES 

American Dyestuff Reporter, New York> N. Y. (Bimonthly) 

American Wool & Cotton Reporter, Boston, Mass (Weekly) 

California Wool Grower, 151 Mission Street, San Francisco, Cahf 
Colorado Wool Grower & Markeier, Box 553, Fort Collins, CoL 
CoopERATTVB WooL GROWERS OF SouTH DAKOTA, 101-27th Avc., S E. Minne- 
apolis, Minnesota. 

Felt Facts by Felt Association, New York (Penodic allY.1 
Fibre and Fabric, Qunbndge, Mass ~ ( Wedcly) 

Idaho Wool Growers Bulletin, Boise, Idaho 

Making the Grade With Wool Lavenson Bureau, 12 So 12th St , Phila- 
delphia, Pennsylvania 
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Montana Wool Grower, Box 1693, Helena, Montana. 

National Wool Grower, Salt Lake City 1, Utah (Monthl>) 

New' Mexico Stockman, Albuquerque, New’ Mexico 
Pacific Wool Grower, 734 N W 14th St. Portland 9, Oregon 
Sheep &. Go\t Raiser, San Angelo, Texas 
Sheep Breeder, 10 Watson Place, Columbia, Missouri 
Sheep Breeder Monthlt, Chicago, 111 (MonthU) 

Texas Mohair Weekly, Rockspnngs Texas (Wceklj) 

Textile World McGraw-Hill Publishing Corp, New’ York (Monthly) 
Western Li\e Stock Journal, 4511 Produce Plaza, Los Angeles 11, Calif 
Wool Digest by International Wool Secretariat, New York, N. Y (Monthl>) 
Wool Facts by American Wool Council, Inc, New York, N Y (Pcriodicalb) 
Wtoming Wool Grower, McKmle>, Wyoming 


AMERICAN WOOL FILMS 


Botax\ Clothes the Nation 16 mm Sound and color Botany W^orsted 
Mills, Passaic, N J No charge 

Ca-vel-c«)E. 16 mm Sound Collins &. Aikman Corp , 200 Madison Avenue, 
New York, N Y No charge 

16 mm Encyclopedia Bntanmca I'llnis. Inc Black and white, sound 

Price $45 00 


Cooperative Wool— From Fleece to Fabric Three reels 16 nun 35 mni 
Sound (1938) U S Dept of Agriculture, W''ashmgton, D C No charge. 
Deekixg Milliken Woolen Mo\nE 16 mm Sound and color Deenng, Mil- 
liken and Company, 45 7th A>enue. New York, N Y No charge 
Golden Fleece One reel 16 mm Sound Ideal Pictures Corp, 28 East Stli 
Street, Chicago, III Sheep raising in Australia 
Scientific Stock Breeding reel 35 mm Silent W’’holesale Film Semce, 
48 Melrose Street, Boston, ^lacs Raising thoroughbred sheep at Purdue 
Unnersitj 


Sheep Shearing 16 mm Sound, black and white Castle Films, Div, United 
World Films, Inc, 30 Rockefeller Plaza, New York 20 Pnce $32 87 
W’’oOL — ^Marketing and Manufacture. 3 reels 35 nim Silent (1932) U S 
Dept of Agriculture No charge 

W’'ooLEN Goods One reel Silent Eastman Kodak Company', Teaching Films 
Dhision, 343 State Street, Rochester, N Y 
\ W'^oolen 1 ARx One reel 16 and 35 mm Silent General Electric Companv, 
1 Rt\cr R«>ad, Schenectadj, N Y No cliargc 
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Tariff Schedules 

RATES OF DUTY AS OF JULY 1, 1946, 
AND OF JANUARY 1, 1948^ 

ON WOOL AND WOOL MANUFACTURES 
IMPORTED INTO THE UNITED STATES 


The following rates are those effective as of July 1, 1946, because of inclu- 
sion originally in the Tariff Act of 1930, or by reason of modifications in the 
provisions of Schedule 11 effected either by Presidential proclamation under 
authority of Section 336 (the rate adjustment provision) of the Tariff Act, 
or by trade agreement treaties concluded pursuant to amendments to the 
Tariff Act of 1930 providing for such agreements While trade agreements 
are concluded with individual countries, reductions in tariff rates granted by 
the United States to one country through a trade agreement are automatically 
extended, by direction of the President, to the products of all other nations 
Products of countries found by the President to be discriminating against 
United States commerce are subject to the rates m effect prior to any modi- 
fication pursuant to trade agreements Germany was listed as a discriminating 
country from October IS, 1935, to May 30, 1942, and Australia was so listed 
from August 1, 1936, to February 1, 1938 At present the provisions of the 
Trading with the Enemy Act and the orders and regulations issued pursuant 
thereto effectively prevent Germany and other enemy countries from deriving 
anj benefit from tariff reductions effected by trade agreements 

*On Jinuarj 1, 1948 new ntes of dulj became effeetnc iccordinR to the General ARreemenl 
on Tariffs and Trade signed at Genet a October 30 1047 The> are applicable to all moat 
‘®lot’od nations including Argentina and Uruguaj 

The new rates as well a< the rales which were effectne in 1946 at tne date of the printing 
cf the second edition are shown on the following pages 
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RATES OF DUTY ON WOOL AND WOOL MANUFACTURES 
IMPORTED INTO THE UNITED STATES (Continued) 


Paragraph of 
Tariff Act 


ITEM 


Miscellaneous tnminuigs, etc.* 

1113 Fabncs whoUy or in chief value of wool, 

with fast edges, not exceeding 12 
inches in width, including cords, 
braces, cords and tassels, garters, sus- 
penders, tubings 

1529 Braids, edgings, embroideries, flounc- 
ings, fringes, galloons, gimps, insert- 
ings, laces, nettings, ornaments, trim- 
mings, etc 

1114 Rmt Goods.s 

1114(a) Knit fabncs in the piece 

Value Not over $1 00 per pound 
Over $1 00 per ^und 

(b) Hose and half hose, not embroidered, 9 
finished or unfinished 
Value Not over SI 75 per dozen pair 

$1 73-$3 50/doz pair 1948 $1 7S-$4 
Over $3 50/doz pair 1948 over $4 
Gloves and mittens, finished or un- 
finished 

Value Not over $1 75 per dozen pair*® 
$1 76-?3 00/doz pair 11948 
Over $3 00/doz pair j over ?! 75 

(c) Knit underwear 
Value Not over SI 75 per pound 

Over Si 75 per pound 

(d) Outerwear and other articles, knitted or 
crocheted and n s p f 
Hats, bonnets, caps, berets, and sim- 
ilar articles, firashed or unfimdied, 
not in part of wool felt 
Value Not over S2 00 per pound 

Oi'er S2 00 per pound 
Infants outerwear (other than head- 
wear), finished or unfini^ed 
Value Not over S2 00 per pound 
Over $2 00 per pouna 
Made or cut from Jersey 
fabric 
Otherwise 

See footnotes at end of table 


Compensatory Protective 
Rale Rale 

Cents per Eb % Ad valorem 


1946 

1948 

1946 

1948 

50 

37)4 

40 

20 



90 

25-90 

33 

25 

40 

20 

50 

37)4 

40 

20 

40 

30 

35 

20 

50) 

50J 

37)4 

35) 

25J 

20 

40 

30 

35 

17)4 

50 

37)4 

30 

50 

50 

37)4 

40 

25 

40 

30 

30 

20 

50 

37)4 

30 

20 


44 

33 

30 

22)4 

50 

37)4 

50 

25 

44 

•• 

45 

• 

50 

37)4 

25 

25 

50 

* , 

50 
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RATES OP DUTY ON WOOL AND WOOL MANUFACTURES 
IMPORTED INTO THE UNITED STATES {Conttnved) 


Pwagraph of 

Tariff Act ITEM 


Compensatory Protective 
Rate Rate 

Cents per JJt % Ad valorem 


U14((l) Other wool knit outerwear, n s p f 

Value Not over $2 00/lb I Not over 
$2 01-$5 00/lb 5 $5 00/lb 

Over $S00 per pound 

1115 / ■weanng apparel: 

11 15 (a) Clothing, not knit or crocheted, except 
hats and hat bodies 
Value Not over $4 00 per pound 
Over ^ 00 per pound 
(b) Hat bodies of wool not knit or crocheted 
nor made of knit, crocheted, or woven 
material 

If pulled or stamped 

If blocked, trimmed or finished 
Value Not over $12 00 per dozen 

Over $12 00 per dozen 

Otherwise 

1 1 1 r / • 

* 1 lota) Carpets, rugs, mats, not made on pov/er- 
dnven looms (Oriental, Axminster, 
Savonnene, Aubusson, and other car- 
pels, rugs, and mats) 


(b) Cariicts, rugs, mats, produced on power- 
driven looms 

(Oriental weave and chcmllc Ax- 
il i-/ \ r, minster) 
iin) Carjicts, rugs, mats' 

Axminster, n s p f , Wilton, Brussels, 
xeUct, tapestry, and carpets, ngs 
... and mats of like charictc- 
vo) Ingram carpets, rugs and mats or art 
•■fluarca and floor cos enngs of 1 1 e 
clianictcr, n s p f 


1946 

1948 

1946 

1948 

44) 

505 

371/2 

45) 

40) 

30 

50 

3754 

30 

20 

33 

25 

30 

25 

50 

37y2 

30 

25 


40 

40 

55 

55 

Plus I 25 / 2 C 

per article 


40 

30 

aS 

40 

Plus 8 c per article 


40 

30 

40 

30 


Plus 8 c per article 
40 40 55 55 


1 5 cents square foot 
25 ccius per square foot, 
but not less than 
22 K per cent ad s.alorcm 


40 30 


40 


J'l 


>5 
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RATES OP DUTY ON WOOL AND WOOL MANUFACTURES 
IMPORTED INTO THE UNITED STATES (Contmved) 


Compenaalory Protective 

Paragraph of Rate Rate 

Tariff Act ITEM Cents per lb. % Ad valorem 


1946 1948 

1 1 1 7 (c) All other floor coverings, including mats 

and druggets, n s p f * 

Value* Not over 40 cents per square 
foot 

Over 40 cents per square foot 
Mohair 
Other 

1118 Screens, hassocks, and all other articles, 

wholly or in part of carpets, rugs, or 
mats, n s p f 

1119 Tapestries and upholstery goods (not 

pile fabrics) Dutiable as in pars • 

1108 and 1109(a) 

1120 Cloth samples measuring not more than 

104 square inches 

All manmactures wholly or m chief value 
of wool, n.8 p.f. 

1121 Defines scope of term “wool” as applied 

to manufactures 

1122 Fabrics (except prmting>niachme cyhn- 

der Japping in chief value of flax), in 
the piece or otherwise, containmg 17 
per cent or more m weight of wool, but 
not in chief value thereof, and whether 
or not more speciGcaUy provided for 
The portion by weight of wool duti- 
able as in pars 1108 or 1109 of the 
Tariff Act, the remaimng weight duti- 
able according to the schedules apply- 
ing to the other materials 


1946 

1948 

30 

15 

40 

25 

60 

40 

30 

15 


25 

25 

IZyi 

50 

40 


"“ot specially provided for" 

Y3 f ® clean content’* ajialf mean all that portion of the wool or hair which 
contaiifim^ vegetabfc and other foreign material and 

per cent by weight of moisture and per cent by weight of material 
eJrtracUona with Scohol, and having an ash content 
not exceeding one-half of one per cent by weight {.Customs Regulations, Sec 13 11 (o) 

as *>e considered such as are in their natural condition 

otherwise than by shaking, willowing, or burr 
SSw .Considered such as have been washed, with water 

hF«fcr**c!,Sf ?n4 all wool and hair, not scoured, with a 

hSr ceutum shaU be considered as washed, scoured wools and 

willowinir burr *’*®n Otherwise cleansed (not induding shaking, 

and hw?’ wools or hair, or matchings, shall be wools 

stroied excen?tW*5irirtl!?‘2®®^ wherein the identity of individual fleeces has been de 
ingo, unless fleeces shall not be consiuered sorted wools or hair, or match 

BO, unless the backs hove been removed (Per 1101 (b). Tariff Act of 1930) 
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Rules and Regulations 
Under the 

WOOL PRODUCTS LABELING ACT OF 1939 
Promulgated by the Federal Trade Commission 
Effective July IS, 1941 

DEFINITIONS 


KuLt 1 — Terms Defined 

As used in these rules, unless the context otherwise specifically requires, — 
(o) The term "Act* means the Wool Products Labeling Act of 1939 
(approved October 14, 1940, Pubhc No 850, 76th Congress, Third'Session) 
(,b) The terms “rule,” "rules,” "regulations” and “rules and regulabons” 
mean the rules and regulations presenbed by the Commission pursuant to 
the Act 

(c) The definitions of terms contained in section 2 of the Act shall be 
applicable also to such terms when used in rules promulgated under the 
Act. 


LABELING 

R^e 2 — General Requirement 

Each and every wool product subject to the Act shall be marked by a stamp, 


The Official Standards of the United States for grades of wool as established by the 
Secretary of Agriculture on June 18, 1926, pursuant to taw, shall be the standards for 
“*]Wrtnining the grades of wool (Par, 1101 (b) (5), Tcnif Act of 1930). 

, CarpH wools and camel hair may be imported under bond without paraent of doty 
r?Ti manufacture of press doths, camel's hair belting, knit or felt boots, heavy 

“*"ed lumbermen's sodcs, rugs, carpets, or any other floor coverings" If such imported 
wools are used subsequently in items other than those specified, the regular duties shall be 
Admxnittratwe Act of 1938). 

, it any bale or package contains wools, hair, wool wastes, or wool waste material, subject 
.pmcrent rates of duty, the highest rate applicable to any such part shall apply to the 
entire contents of such bade, except as provided ftolerances) in paragraphs 1101 and 1102 
' IIW of Tariff Act of 1930) 

r chief value of cotton, containing wool, 40 per cent ad valorem (Par 906, 

•firiff Act of 1930, as modified by Trade Agreement with United Kingdom) Fabrics con 
17 per cent or more in weight of wool, but not in chief value thereof, see Para* 
B«Ph 1122 

< mdudes carriage and automobile robes and steamer rugs Blankets over three yards in 
' are considered as woven fabrics and are dutiable as for Paragraph 1109(a) 

u wholly or in chief value of rayon or other synthetic textile, dutiable under Para 
1309 

„ embroidered, dutiable under Paragraph 1529 (a) as modified by Trade Agreement 
wiin United Kingdom, at 65 per cent ad valorem if valued at not more than $3 50 per 
° pairs, and 50 per cent ad valorem if valued at more than $3 50 per dozen pairs 

* proclamation of the President of the United States dated rebruary 21, 1936. 
ml?. ®“*®tive March 22, 1936, the baais for assessing the duty on wool knit gloves and 
oiitens valued at not more than $1 75 per dozen pairs was changed from the foreign value 
Amctiean selling price as defined in Section 402(g) of the Tariff Act of 1930 of 
similar merchandise manufactured or produced in the United States 
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tag, label, or other means o£ identification, in conformity with tlie require- 
ments of the Act and the rules and regulations thereunder 

Rule 3 — Required Label InfonnaUon 

The marking of wool products under the Act shall be in the form of a 
stamp, tag, label, or other means of identification, showing and displaying 
^1 required information legibly, conspicuously, and non- 

eceptiyely The information lequired to he shown and displayed upon the 

label, or other mark of identification, shall be that 
mg the^following ^****^* regulations thereunder, includ- 

of^h^e Act of the product specified in section 4(a) (2) (A) 

percentage of the total weight of the wool product of 
tionTcSf (ircSfoTtiie aS®'’ ‘"'"“er as prescribed by sec- 

of^onp^lr manufacturer of the wool product and/or the name 

wo^l nr^,^? 3 of the Act with respect to such 

wool product, subject, however, to the provisions of Rule 4 

Registered Number in Lieu of Manufactui er's Name 
of manufacturer need not appear upon the label or mark 

SLS hv the identification number registered and 

matmf acnir<>r Commission as the mark which identifies the 

Sect of ®aid manufacturer undertakes to be bound in 

used m lieu of ii^h nuJhl!^ r? manufacturer were 

Idenuficiuon Llr? ,n that such label or mark of 

aenuncation bears, in addition to su<ai number, the name of at least one 

V“l ”1^'''“'^' “'"pSJcE* ° 

or mLkSidSS^^^ m lieu of his name upon the label 

this S.ly Se”S?heaf^^^^^^^^ as provided for in 

label or mark of id^tStmn unde/ the A*!-®!® ^y®“ch manufacturer on the 
full> as binding effort as tho«.Th h,! «® bis name, but with 

be m writing, duly executed under mtlf*?® application shall 

m^^^adrupheate and in tL^follmvin| fom submitted 

Pr^^ucts^Labelmg^Act *of ”il)39 * subject to the Wool 

principal office S place oPSsiS^ 


« * ond //uf^brr^ /r*j , „ — — ■ ■ ' . ,._j . — « 

do hcrcb> make application to r estate or Temtory) 

unnufacturcr’s registered idenuRll^i Commission for the assignment of a 
Hbcls and marks of tdcnfificafinn ’"^yber to be used by us on our 

on m accordance with requirtments of the 
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CoTimj<«io*i and the applicable pro^Mons of the rules and regulations 
under <aid Act. 

It is understood b> us and hcrch> agreed that, in the use of anv such 
number assigned hj the redcral Trade Commission, such number shall be 
construed as idcntifsang us and as binding us as full> and in all respects as 
though our name ucrc u»cd on such labels and mirks of identification in 
heu of such manufacturer’s number 

^^Datcd, *ugncd and executed this das of _ - , _ — 

(CtiyrrCcttfij) (Slate or Ttrnlor^) 


(Fuil ffeme of Firm) 


(Stenelure end title of frofnetor, fiortner or exeeuti e ogieer 
thereunto duty euihonsed ) 

Subscribed and sworn to (or affirmed) before me bj 

(ft'eme of frohnetor, partner or ereeuttte epcer v.ho tinned et thereunto duly authorised) 

this daj of 19 


notary Public •« and for 

County of — _ _ 

Stoic of 

{Notarial 5'eal] My eommtstton erpiret..,.., — .... " 

(c) If such applicant is a corporation, the application shall be duly executed 
in the name of such corporation and in accordance with the requirements of 
the following form* 

"In witness whereof the 

(Full Local Name of Corporation) ^ 

the undersigned applicant herein, a corporation chartered and doing busi- 
ness under the laws of the State of 

having prinapal office and place of business 


, (Street and Number) (City or County) (State or Territory) 

ii®s this day of , 19 , caused this application 

to be executed and its name and corporate seal to be hereto affixed 


{Corporate Seal] 
ATTEST 


By. 


(Full Legal Name of Corporation) 


(Signature and Title of Exeeutite Opeer) 


On this 


Secretary 
, day of 


19 . 


subscribed and 


sworn to (or affirmed) before me by 

, (Name of Subscribing Executive Officer) 

wno on his oath (or affirmation) deposes and states that he is 

— — — — ; of the above-named corporation , 

, (Title of Executive Officer) 

that he is authorized to sign and has signed the foregoing application for 
and on behalf of such corporation _ _ 


[Notarial Seal) 


Notary Public in and for 
County of 

State of L 

My commission expires 
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(d) The application diall be accompanied by statement p£ the bn^e^ 
conducted bj* the applicant and designation of the kinds or wool products 
manufactured or sold by such applicant 

Rol£ 5 — Types of Labeling and Methods of Affix mg Marks to Product 
The stamp, tag, labd, or other means of identification shall be such ^ is 
appropriate to the nature of the product and shall be affixed to the product 
securely and with sufiicient permanencj to remain thereon in a conspicuous, 
clear, distinct and plainlj legible condibon throughout the sale, resal^ dis- 
tribution and handling inadent thereto, and shall remain on or be finrui 
aSixed to Uie respectire product rshen sold and delh’cred to purchasers and 
purchaser-consumers tiiereof \\Tiere these requirements are met, the^ stai^, 
tag, label, or other means of identification may be affixed b 3 ' ha\*ing the 
required information stenalled, imprinted or branded upon the product itedf, 
or placed thereon in the form of a strong, durable labd securdj* sewed or 
stapled to the product or otherwnse securelj* attached tliereto, or bj' a strong, 
durable tag securely tied to the product (See Rule 15 for pro\nsion as to 
marking containers or packaging of wool products) 

Rule 6 — Labels to be At aided 

Stamps, tags, labels, or other marks of identification w hidi are insecure!' 
attached, or whicli in tl,e course of offering the product for sale, sdlmg, 
reselhng, transporting, marketing, or handlmg inadent thereto are hkelj' to 
become detached, indistinct, obliterated, illegible, mutilated, inaccessible, or 
inconspicuous, shall not be used. 

Ruije 7 — English Language Requirement 
All w ords, statements and otlier information required bj or under authoritj 
of the Act and the rules and regulations thereimder to appear on the stamp, 
lag, label, or other mark of identification, shall appear in the English 
guage If the product bears anj stamp, tag, label, or mark of identification 
which contains am of the required information in a language otlicr than 
English, all of the required information shall appear both in such other 
language and in the English language. 

Roix 8 — Con, man Genenc Name of Fiber 
Except where another name is required or permitted under tlie Act, tlie 
rcspectiN c common generic name of the fiber shall be used when naming fibers 
in the required information; as for example. ‘’Wool,” “Reprocessed Wool,” 
•'Reused Wool.” “Cotton.” "Raj on," "Silk,” "Linen,” "Horsehair,” “Rabbit 
Hair " 

Rtnx 9 — Abbreviatiors or Ditto Mars-s 
Words or terms In the required information descnpliic of fiber content 
snail not be ahbrc'iated, nor be designated bv the use of ditto mrrks, but 
s^l be spelled out fulh ; as tor example, "Wool,” "Rcprocessew Wool,” 
"Reused Wool,” “Cotton," "Ravon.” 

E-OLE 10 — Arrangement of Label Informatiot 

(o> ^1 ^tenu; or parts of the required information to be shown and dis- 
stamp, tag, labd, or other mark of identification of the product 
•haU be set forth consccuti'd}, in immediate conjunction with cacii othc-, 
mu m t\-pc or lettenng phinly legible and conspicuous, *tnch as for t'campl^' 

"Maoc of 
609c WOOL 

^ , AOre REUSED WOOL 

ExcmS’'c of Omarrenta'ion 
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Distributed by. 
JOHN Q. DOE CO., INC, 
New York, N Y.” 


(6) If non-required infomiation or representations are placed on the 
product or in the label or mark of identification, the same shall not in any 
way be false or deceptive, nor shall such information -or representation be set 
forth or used in such manner as to interfere with the reqmred information 


Ruie ll~hnproper Methods of Labeling 
The stamp, tag, label, or other mark of identification required under the 
Act, or the required information contained therein, shall not be minimized, 
rendered obscure or inconspicuous, or be so placed as likely to be unnoticed 
or unseen by purchasers and purchaser-consumers when the product is offered 
or displayed for sale or sold to purchasers or the consuming public, by reason 
of, among others . 

(a) Small or indistinct type 

(b ; Failure to use letters and numerals of equal size and conspicucfusness 
m naming all fibers and percentages of such fibers as required by the Act 

(c) Insufficient background contrast 

(d) Crowding, intermingling, or obscuring with designs, vignettes,* or 
other written, prmted, or graphic matter. 

Rule 12— Marking of Units of Merchandise Containing Two or More Pieies 

(а) Except in instances where other form of marking is specifically author- 
ized, the stamp, tag, label, or other mark of identification, shall be attached 
to and appear upon each ^rment or separate piece of merchandise subject to 
the Act, irrespective of whether two or more garments or pieces may be 
introduced into commerce, sold, or marketed together or in combination with 
each other 

(б) Wearing Apparel Sold tn Pairs— Hosiery, Gloves, Mittens, Footwear, 
etc In the case of garments or wearing apparel manufactured for use m 
pairs and sold, distributed and used in such pairs, the use of more than one 
label or mark of identification will not be reqmred if both pieces in the pair 
are of the same fiber composition, grade and quality, are and remain firmly 
attached to each other when marketed and delivered in the channels of trade 
and to the purchaser-consumer, and the stamp, tag, label, or mark of identi- 
fication affixed thereto is clearly applicable to both pieces and supplies the 
required information prominently in accordance with the Act and the rides 
and regulations thereunder. 


Rule 13 — Real Name to he Shawn on Label 
Trade names, trade-marks or other names which do not constitute the legal 
name of the manufacturer of the wool product or other person required by 
the Act to appear on the stamp, tag, label, or other mark of identification, 
shall not be used in lieu of or in substitution for the legal name of such 
manufacturer or other person Nothing in these rules shall be construed as 
permitUng the use of any corporate, trade, or other name which is false or 
deceptne 

Rule 14 — Substitute Label Requiranent 
When necessary to avoid deception, the name of any person other than the 
manufacturer of the product appeanng on the stamp, tag, label, or other 
mark of identification affixed to sucli product shall be accompanied by 
appropriate words showing that the product was not manufactured bv such 
person; as for example* 
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“Manufaclured for ” 

"Distributed by 

" Distributors" 


Rule 15 — Labeling of Containers or Packaging of Wool Products 
The label or mark of required infommtion, as provided in Rule 5, shall be 
affixed to and displayed upon the container, wrapper, binder, or other means 
of packaging of wool products subject to the Act, 

(а) \\here marking the product itself is impossible, or where such mark- 
ing of the product i\ould be inadequate to fully inform purchasers and 
purchaser-consumers of the required mformation or to prevent deception, 
or 

(б) where the wool product is marketed or sold and delivered in sealed 
containers which remain unbroken and intact until after delivery of the 
product to, and receipt thereof fay, the purdiaser-consumer. Any such 
product packaged in a sealed container shall also be marked by stamp, tag, 
labd, or other mark of identification showing the required fiber and ma- 
terial content where the product is capable of being so marked and where 
it is remov^ed from the sealed container, or is likely to be removed there- 
from, or the container is opened, for display or sales purposes or for other 
reasons, prior to purchase by and delivery to the ultimate purchaser- 
consumer Where the product bears a label or mark of identification, as 
provided in K^lc 5, which is clearly visible to the purchaser when offered 
for sale, no label or mark of identification need be placed on such container 


Rule 16 — Ornamentation 

omtmns fiber ornamentation not exceeding 5% of 
product and the stated percentages of fiber 
® product are exclusive of such ornamentation, the stamp, tag, 

show’mg sS'factTS for'SSpS^°“ ^ 


"50% Wool 
25% Reused Wool 
25% Cotton 

Exclusive of OmamentaUon " 


‘“'=l“ded in the state- 

Rule 17 — Use of the Term "All" or "100%" 

» comS' ”^'1®'““' Wool " H any such proancl 

not exweding 5% ^such ornamentation 
fiber mS be used SiSt f qualifying the name of the 

sivc of ornamentation? wW a followed by the phrase "exclu- 

Dj a phrase of like meaning, such as for example. 
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“All Wool 

Exclusive of Ornamentation” 

“100% Wool 

Exclusive of Ornamentation " 

Rule 18 — Use of Name of Specially Fiber 
In setting forth the required fiber content of a product cont»ning any of 
the spedalty fibers named in section 2(h) of the Act, the name of the spC' 
cialty fiber present may be used in lieu of the v/ord "v/ooL” provided the 
percentage of eaA named specialty fiber is given, and provided further that 
the name of the specialty fibw so used is gi^ified hy the vrord "rqirocessed” 
or “reused" when the fiber referred to is “reprocessed v/ool" or '"reused 
wool," as defined in the Act The following are examples of fiber content 
designation permitted under this rule: 
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reciamsd, rc/.orked, reprocessed or reused froai any spun, ivoten, kiutted, 
teited j^or manuiactured or used product Products composed of or made 
itoai nper reirorkea or reclaimed from ysxn or clips shall not be described 
as vTOTi or nevi vrool, or by tenns of similar import, regardless of 

tttn^er such yam or aips are new or used or were made of new or rwoc- 
essed or retised materiaL 

Separate Label for Karre 

manufacture or person sauject to section 3 of the Act 
product may be set forth on a label or mark 
statement of fiber and material content 
Ikif* practical to include such name in the label or 
mai-. Ds&nng die Boer and material contenL bromArA that tJnv «>orV 


“-—y wx* aiuijii/sr iiroTiaea lor la Xtj 

o/^flw^/ex. Swatches or Specimens. 
swatch« or specimens of wool products subject to the Act 



Station rejaired by law. 

Con/en/ 

serfioas which composed of two or more 

section are of dif- 

stamp to be stated upon fbe 


made in all in'Snces where^SS ^ sections as above provided shall be 
d^acjrf fc ..cessanr to avoid 

(a> In Stiffening, Trimmings and Facings 

products, the fil^ coatcat <§ appard whidi are wool 

facmgs of such cannents n- stifitening; trunmings or 

set fortn separately and dishactlv ^ fbl shell he given and shall he 

idenfificatjoi of the lahd, or other mark of 

to 'contain or *™o®iags or fadngs purport 

reased wool; or * ^ containing ■wool, reprocessed wool or 
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(c) In the case of garments which contain interlinings, the fiber content 
of such interlinings shall be set forth separately and distinctly as part of the 
required information on the stamp, tag, label, or other mark of identification 
of such garment For purposes of this paragraph (0 the term "mterlinii^s’' 
shall not be construed as embracing paddings or stiffening ordinarily used fn 
garments for structural purposes and not for warmth 

(d) Wool products which are or have been manufactured for sale or sold 
for use as linings, interlinings, paddmgs, stiffening, tnmmings or facings, 
but not contained in a garment, article of ap{>arel, or other product, shall be 
labeled or marked with the required information as in the case of other wool 
products 

Rule 25 — Naming Fibers Not Present 
Words which constitute the name or designation of a fiber which is not 
present in the product shall not appear in or as a part of the listing or 
marking of required fiber content on the stamp, tag, label, or other mark of 
identification affixed to the wool product 
R^e 26— Pile Fabrics and Products Composed Thereof 
The fiber content of pile fabrics or products made thereof may be stated 
m the label or mark of identification in such segrerated form as will show 
the fiber content of the face or pile and of the baoK or base, with the per- 
centages of the respective fibers as they exist in the face or pile and m the 
L f such disclosure the respective percentages of 

the face and the back be given in such manner as will show the ratio between 
me face and the back Samples of the form of marking pile fabrics as to 
fiber content provided for in this rule are as follows 

"100% Wool Pile 
100% Cotton Back 
(Back constitutes 60% of fabric 
and pile 40%)*' 


"Pile — 60% Reused Wool, 40% Wool 
Badk— 70% Cotton, 30% Rayon 
(Pile constitutes 60% of fabric 
and back 40%^ " 

Rule 27 — IVoot Produces Containing Superimposed or Added Non-Woolen 
Fiber 

’^here the product is made wholly of wool, reprocessed wool, or reused 
wool, with the exception of a non-woolen fiber m mmor proportion which is 
superimposed or added in certain distmct areas or sections for reinforcing 
other useful purpose, the product may be designated as all wool, all 
eprocessed wool, or all reused wool, as the case may be, with an exception 
naming the non-woolen fiber and givmg the percentage thereof and indicating 
or section where st penmposed or added for reinforcement or other 
rul * f ^ An illustration of the type of statement provided for in this 
V the fiber content of hosiery composed entirely of reused 

fol ^g" avin^ 15% cotton added to the toe and heel for reinforcement, is 

except 15% cotton remforcement added to toe and heel ” 
^^—Products Made Wholly of Miscellaneous Reused Fibers of Unde- 
Wt, lermmed Percentages 

product is made cf shoddy or material composed wholly of 
eu miscellaneous fibers of which the respective percentages of the differ- 
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ent fibers and the variations thereof are not deterxnin^, the 
of disclosure as to fiber content of such wool product, where trumtuiiy 
apphcable, niay be used for such classes of merchandise, with the pr p 
percentage figures inserted 

“Made of Reused material 
consisting of : 

Not less than % reused wool 

Not more than % cotton 

Balance % unknown reused fibers 


or 

“Made of Reused material 
consisting of* 

Not less than % reused wool 

Not more than % rayon 

Balance % unknown reused fibers 

For purposes of this rule undetermined or unascertained amounts of wool 

or reprocessed wool may be classified and designated as reused wool. 

Rule 29 — Garments or Products Composed of or Containing Miscellaneous 
Cloth Scraps 

(a) For wool products which consist of, or are made from, miscellaneous 
cloth scraps comprising manufacturing by-products and containing various 
fibers of undetermined percentages, the following form of disclosure as to 
fiber content of such wool products, where trufiifully apphcable and with 
appropriate percentage figure inserted, may be used in the stamp, tag, label, 
or mark of identification of such product . 

(1) Where the product contains chiefly cotton as well as woolen fibers m 
the minimum percentage designated for reused wool 

“Made of 

Miscellaneous Qoth Scraps 
Composed Chiefly of Cotton with 
Minimum of % Reused Wool ” 


(2) Where the product contains chiefly rayon as well as woolen fibers 
in the mmunum percentage designated for reused wool 

“Made of 

Miscellaneous Cloth Scraps 
Composed Chiefly of Rayon with 
Minimum of % Reused Wool " 


(3) Where the product is composed chiefly of a mixture of cotton and 
rayon as well as woolen fibers m the minimum percentage designated for 
reused wool; 

“Made of 

Miscellaneous Ooth Scraps 
Composed Chiefly of Cotton and Rayon 
with Minimum of % Reused Wool " 


product emtams chiefly woolen fibers with the balance 
o undetermined mixtures of cotton, rayon or other non-woolen fibers 
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"Made of 

Miscellaneous Qoth Scraps 
Containing Cotton, Ra 5 on and Other 
Non-woolen fibers, W'lth 
Minimum of % Reused Wool." 


(,b) Where tlic cotton or rajon content or the non-woolcn fiber content 
mmtioncd in sucli forms of disclosure is not known to comprise as much as 
50% of the fiber content of the product, the words "Chiefly of" in the 
form of disclosure speofied in this rule shall be omitted 

(c) The words "Contents are" may be used m the above-mentioned forms 
of marking in lieu of the words "Made of" where appropriate to the nature 
of the product 

(d) For purposes of this rule, undetermined or unascertained amounts of 
wool or reprocessed wool which may be contained in the product may be 
dassificd and designated as reused wool 

30 — Labeling tn General 

, J^roducts subject to the Act shall not bear, nor have used m connection 
therewith, any stamp, tag, label, mark or representation which is false, mis- 
leading or deceptive in any respect 

MANUFACTURERS’ RECORDS 
Rule Zl—Mainic»anee of Records 

In pursuance of the provisions of section 6 of the Act every manufacturer 
L product subject to the Act irrespective of whether any guaranty 

nas been given or received, shall maintain proper records showing the fiber 
content as required by the Act of all such wool products made by such 
manufacturer The records so maintained shall show ; 

vo) The percentage of wool, reprocessed wool, and reused wool, and of 
each land of fiber other than wool, placed in the respective wool products 
®“ch manufacturer in the form of fiber, yarn, f abnc, or other form ; and 
(b) Such numbers, information, marks or means of identification as will 
idMtify the said records with the respective wool products to which they 
relate. 

^^*n*^acturcrs shall also keep and maintain as records under the Act all 
ch P***"**®^® contracts, orders or duplicate copies thereof, bills of pur- 
nase, business correspondence received, factory records, and other pertinent 
or 1 **"^*® and data showing or tending to show (1) the purchase, receipt, 
Py such manufacturer of all fiber, yarn, fabric or fibrous material, or 
saM thereof, introduced in or made a part of any such wool products of 
fibe ”*®”'*^acturer , (2) the content, composition or classification of such 
ej, yam, fabric or fibrous material with respect to the mformation required 
upon the label of the wool products of such manufacturer, and 
the name and address of the person or persons from whom such fiber, 
tabnc or fibrous materials were purchased or obtamed by such manu- 


P GUARANTIES 

of Separate Guaranty. 

of tbp j°tJowing IS a suggested form of separate guaranty under section 9 
or olacp ”thy be used, by a guarantor residmg in the United States 

or ofte to Its jurisdiction, on and as part of an mvoice, bill of sale 

er sales document in which the merchandise covered is listed and 
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speaBed and shows the date of such document and date of shipment of the 

™^”^^the undersigned, manufacturers of the above-specified 

which is subject to the Wool Products Labehng Act of 1939 , hefcoj 
guarantee that each such article therein is stamped, tagged, laDWca 
marked Avith the fiber content and other informaUon m required W 
Act, and that none of such articles or products is misbranded witmn in«. 

ot Ac, COMPANY, INC, 

New York, N. Y. 

By 

PrcMdent " 


Rule 33 — Conttnutng Gfiaraniy , 

A continuing guaranty under section 9 of the Act, when properly <»ecuK» 
and fully confomung to the requirements of the Act and the rulw ano 
regulations thereunder, may be filed with the Fedcrd Trade Commission^ i* 
a continuing guaranty is filed with the Commission, it shall be filed in 
cate, eaA fully executed, and shall be renewed annually thereafter ami a* 
such other times as any change is made in ownership or management of tne 
guarantor Such guaranty shdl be set forth on 8fa"xll" sheets of umitc 
bond paper of good quality and shidl be printed, lithographed, or typed in 
dearly legible form, wth margins of at least 1" width on all sides, and witii 
all signatures thereon wntten in ink. In the event the principal place oi 
busmess of the guarantor is removed to anotlier address, such change ot 
address shall be reported promptly- to the Comndssion by the guarantor It 
the guarantor is a corporation, the guaranty shall be executed in the name 
of the corporation by an executive ofiicer hereof thereunto duly authorized 
by the corporation, and shall be attested by the Secretary and the coiporate 
seal af^ed thereto. If the business of the guarantor is owned and operated 
1^ an individual, it shall be signed and executed by su A individual ; if owned 
and cmerated as a pa^ership or as an unmeorporated association of indi- 
viduals,^ It shall be signed and executed on b^alf of the partnership or 
association and the mrabers thereof by one or more of the partners or, m 
the case of such assodabon, by one or more of the individuals and member', 
actively engaged in the business The guaranty shall be acknowledged before 
a Notsury Public in accordance with the prescribed form * The following arc 
prescribed as forms of continuing guaranty 


(FOSM a— FOK css BT COKFOSATIOKS) 

CONTINUING GUARANTY 

UNBER THE 

WOOL PRODUCTS LABELING ACT OF 1939 

The undersigned, . 

a corporation r^idmg in the United States, chartered and existing under 
the laws of the State of — — and engaged in the busi- 

ness of mwufactunng or sdling wool products which arc subject to the Wool 
products Labeling Act of 1939, udth principal office and place of busmess 

III ■ I 11^ — III III II I I I I 

(Street md l/umber) (Ctty or County) (State or Temtory) 

comhitttnc suATAnties ■^s needed waj Tie proenred from the Commission 
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DOES HEREBY GUARANTEE that every such wool product contained in 
each shipment or other ddivery hereafter made by it pursuant to purchases 
made by customers will be, when so shipped and delivered, properly stamped, 
tagged, labeled or marked, showing the fiber content and other information 
required by said Act and the rules and regulations thereunder, and that no 
article or product in any such shipment or delivery will be misbranded 
within the meaning of the said Act 

_Oatcd, signed and executed this day of 

19 , at 

(City or County) (State or Territory) 

(Name of Corporation) 

r (Executive Officer authorteed to sign) 

[CORPORATE SEAI ] 


ATTtsr 


State of 


(Title of Erecntive Officer) 


Secretary 


County of 

On this 

personally appeared 


day of 


before me 


(Name of Evecuttie Officer signing) 

(Title of Executive Officer) “(Name of Corporation) ’ 

in Personally known, and acknowledged the execution of the foregoing 
st|j™*”ent on behalf of said corporation for the uses and purposes therein 


[«otar,al SEAL] Notary Public 

My commission expires — 

(fork b— for use by indiviouals) 

CONTINUING GUARANTY 

UNDER THE 

WOOL PRODUCTS LABELING ACT OF 1939 

re?H^ “"^ersigned, 

laing in the United States and doing business under the name 

With principal offices and place of business 

j ^^Ifcct and Number) (C^y or County) (State or Temtory) 

ar» tlie business of manufacturing or selhng wool products which 

Products Labelmg Act of 1939, DOES HEREBY 
others 1 every such wool product contained in each shipment or 

hereafter made by him pursuant to purchases made by cus- 
jabew when so shipped and delivered, properly stamped, tagged. 

" or marked showing the fiber content and other information required 
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by said Act and the rules and regulations thereunder, and that no 

in Sy such shipment or delivery will be misbranded within the 

meaning of said Act 


Dated, signed and executed this 
19 at 


. day of 


tCily or County) 


(State or Territory) 


(Sietiature of Proprietor) 


State of 

County of 

On this day of 

personally appeared the said 


(Name under tohich business ts conducted) 

\ss 

~ 19 before me 

(Name of proprietor signtne) 


to me known to be tlie person described in and'who executed the foregoing 
instrument, and adoiowledged the execution of the same for the uses ana 
purposes therein stated 


1^0TAXXA1. SEAX.1 


Notary Pubhe 
My commission expires 


(FOlin C — FOS BUSIAFSS CONDVCXrO FABTVSItSUIF 08 VVlNCOKFOItAXEO ASSOCIATION} 


CONTINUING GUARANTY 


imoER THE 

WOOL PRODUCTS LABELING ACT OF 1939 


This IS to certify that the undersigned, 
together VMth — 


(Nome of subseribtne member) 


(Full names of all partners, or if association names of members 

, ail residing m the United States 


otoning and operating business) 
and doing business under the name and style 
of 


(Insert trade name under which business is conducted) 
ivith pnnapal office and place of business 

at_ - ■ 

(Street ard Number) (City or County) (State or Territory) 

and engaged in the business of manufacturing or selling wool products which 

Products Labebng Act of 1939, DO HEREBY 
GUAI^NTEE that every such wool product contained in each shipment or 
other delii ery hereafter made by them pursuant to purchases made by cus- 
ttmers will b^ wbra so shipped and 'delivered, properly stamped, tagged, 
labeled or marked showing the fiber content and other information required 
by said Act and the nil^ and regulations thereunder, and that no article 
or product in any such shipment or dchveiy wall be misbranded within the 
nicainng of said Act 


IN WITNESS WHEREOF, the said 


(Name of person executing the guaranty) 
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being thereunto duly authorized has hereunto subscribed his name and exe- 
cuted this instrument for and on behalf of 

said - and the members thereof 

, (.Partntrshtp or AssoeiaitoH) 

this day of 19 , in 

iCtty or County) 


(Stott or Temtory) 


(Signature of subscribing member) 


State of 


(Name of partnership or assoetatton) 


County of J 

On this day of 19 before me personally appeared 

— to me known to be the person 

(Name of subscribing member) 

d^cribed in and who executed the foregoing instrument, and acknowledged 
we necution of the same in the capacity and for the uses and purposes 
werein stated 


iKOTAMAt SEAL] Notary Pubhc 

My commission expires 

Mr-Reference to ExtsUng Guaranty on Labels Not Permitted 
representation or suggestion that a wool product is guaranteed under 
thp f Government, or any branch thereof, shall be made on or in 

prod* t mark of identification applied or affixed to wool 


GENERAL 

Rwt 35— Hearings Under Section 4 (d) of the Act 
-gearings under section 4 (d) of the Act will be held when deemed by the 
>^nussion to be in the public interest Interested persons may file applica- 
shMi hearings Such applications shall be filed in quadruplicate and 

or nrnH ^ detailed technical description of the class or classes of articles 
menr h** L ^®i?rding whidi applicant requests a determination and announcc- 
fiber r ^numssion concerning express or implied representations of 
^ articles or concerning insignificant or inconsequential textile 
'•ontent of products 

isf made effective by the Federal Trade Commission Jul> 
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Abrasion resistance, 281 
tests, 931 

Acetate rayon process, 290, 291 
Acetylation, 298, 796 
Add, tests for, 948 

Acid binding capacity, 188, 191, 192, 
728 

characteristics, 186 
colors, dyeing with, 7S8 
stripping of, 766 

cracking of scouring liquors, /no 
damage on wool, 9S0, 951, 968 
tests for, 950, 968 
dyeing, corection of, 161 
dyes, umon, 783 
wool and silk, 784 
fulling, 908 
steeping, 830 

Acids, effect, 180, 189, 191 
Acquired impurities, 397, 525 
Adhesive agents, 638 
Adsorption-desorption curves, 153 
After ^rome method, 208, 762 
Agnosterol, 170 

Air-conditiomng, textile mills, 508 
eontent, fabrics, 163 
permeability, fabric, 161, 934 
Aleppo wool, 885 
All^i damaged fiber, 195, 374 
tests for, 968 
degradation, 193, 194 
soliibility, 180, 951 
Alk^ics, effect, 193, 195, 208 
tests for, 948 
Alpaca, 241 
breeds, 243 

chemical properties, 257 
exports, 245 
fleece weights, 243 
production, 245 
sorting, 247 
hybrids, 245 
imports, 259 
number, 244 ^ , 

plijsical characteristics, 243 
properties, 255 


Alpaca, shearmg, J16 
Alpha keratin, 135, 176 
Aiununum cWonde process, 428 
Allword’s reaction, 201 

Soc. for Testing Materials— 

syst(OT, worsted spinning, 512, 609 
Wool Council, 61 
wool grades, 305 
Wool Growers, 61 
wool literature 978 

Ammo acids, 176, IM, lo8, 189 
Ammoma, effect, 196 
Amorphous regions, fiber, 176 
Amphoteric nature, 1^ 

Analysis, chenucal, 918, 908 
phyicaJ, 958 
statistical, 971 

A^lonSontinental drawing, 557, 582 
Angora goats, 213 
distribution, U- S , 218 
fleece types, 216 
improvement, 210 
management, 217 
rabbit hair, ^2 
grades, 2 ^ 
imports, 265 

manufacture, 264 
microsoopy, 263 
price, 268 

Aiiimafiibcrs, moshire absorption, 168 
sulfur content, 1/9 
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Argentine wools, export, 362 
Arginine, 174, 185 
Arsenical dip, 114 
Ash content, 173 
test for, 947 
Asiatic sheep, types, 97 
Associated Wool Industries, 60 
Association, co-operative, 3SS 
wool trade, 998 

ASTM method, fiber content, 949 
yams, 926, 947 

Standards, stand atmosphere, 918 
yams, W6, 947 
stapling apparatus, 923 
statistical control, 977 
Atmospheric conditions, manufactur- 
ing, 505 
Auchenias, 240 
Auctions, 353, 357, 358, 359 
Australia, classing in, 311, 336 
marketing m, 359 
Australian bales, 387 
exports, 350 
grades, 336 
mermo, 55, 334 
sheep, count of, (table), 69 
wool, bacteria in, 206 
wool production, 67, 333-5 
Axmmster weaves and weaving, 896. 

898 

Axminsters, early, 25, 31 


B 

B A wools, 315, 339 
Baby combing wool, 308 
delaine wool, 308 
kid, 219 

Back beams, 633 
drafts, 530, 531, S60 
picks, 714 
stand, 640 

structure for carpet yarns, 889 
wash dryers, 528 
wool, 392 
Badced doth, 713 
Back-off motion, mule, 484, 488 
Back-smng carpets, 901 
Backv.'astiing, 524, 526 
machinery for, 526 
Bacteria, action of, 206 


Bacterial damage, 208-9, 969 
Bactericides, 209 
Bactrian camel, 234 
Baking, piece,. 831 
Balanced twill, 702 
Bales, dimensions, (table), 388 
weight, 387 
Ball winding, 535 
Bailer, top, 547 
Balling, 20 „ 

Balling head, worsted, 467, 523, 548 
Balloon, optimum length, 607 
Balloon control, 601, 604 
Ballooning, 826 
Barley grass, 424, 945 
Basket weave, 699 
Bast fibers, 290 
Bathurst bur, 424, 945 
Batts, 906 
Beam, loom, 633 
Beam warping, worsted, 630 
Beaming, 632, 836 
warp, 630, 643 
Beard hair, 228 
Beater comb, 515 

Beating-up operation, 515, 665, 667, 674 

Bedford weave, 712 

Belgian lap system, 467 

Bellies, belly wool, 312, 314 

Bench sorting, 390 

Benoit mixing system, 433 

B-keratin, 135, 176, 185 

Bigelow loom, 25 

Binding methods, 714, 717 

Bmmng, 315 

Billy, 453 

Birefringence, 127, 128, 129 
Black wool, ISO 
Bladriace Highlands, 79, 81 
Blamire lap system, 467, 906 
Blanket, bibliography, 990, 994 
chenille, 899 
imports, 56, 57 

Bleached wool, sun, dyeing, 779 
Bleaching, 723, 791 
bibliography, 985 
Bleaching agents, action, 791 
Blending, continuous, 449 
carpet wools, 887 
machinery, 446, 449 
woolen, 430, 432 
Blood system, 305 
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Blowing, 184, 836, 837, 860, 862 
Blueing, 791 
Bobbin lead, 588 
winder, 660 

Bobbins, 482, 498, 499, .562, 567, 597, 
^ 623 

Boiler compounds, 779 
Bolivias, ^8 

Bonded ^vareho^se, 309, 349, 369 
Border Leicester, 78, 

Boston wool market, 351, 356 
Bottom chrome method, 765 
Boucl6 fabrics. 719 
Box creels, 595 
motion, operation, 665, 671 
Bradford combing, 536 
drawing, 556, 558 
noils. 512, 536. 541 545 
spindles, number, 585 
Wtem. 511, 513 
Braid, 307 

Bramwell feeder, 454, 906 
Branding, 112 

Breaker card, first. 453, 457, 459 
second, 458, 469 

61o"*^’ American worsted system, 

Br^ng strength, cloth, 930 
effect of alkalis, 195 
fiber bundle, 926 
hair fiber, 142 
tops, domestic, 144 
foreign, 143 
WMl fabrics, 281 
fiber, 142, 433 
yams, 927 

Brcaldng strength test, 930 
Bfeast, metallic, 457 
"reast gamett, 445 
beam, assembly, 685 

worsted, 458, 459, 514, 517 
breeding, 218 
weeds, 63 

“feeds, cross-bred wool, 94 
,, J^acterisbcs (table), 96 
development by countries, 64 
nne wool, 83 

, ®ij»“tenstics (table), 85 
'ong wool, 90 
medium wdol, 86 
(table), 81 

^ee also She^ breeds 


Brisket wool, 392 
Broadcloth finishing, 855, 862 
Broad goods, 664 
loom, early, 11 
tail sheep, 96 
washer, 818 
Broken draw, 653, 654 
twills, 706 

Brokers, 353, 358, 362 
Brussels carpet, 893 
Brush dewing, 864 
Brushing, 859 
Burling, 809 
Bur, Mcstiza, 518 
spiral, 518 

Bur cleaning breast, 457 
clover, 423 
Qrlmders, 517, 518 
picker, 425, 913 
wire, 460, 518 
Burring blade, 553 
Burry wool, 423 
Burs, types, 423, 945 


Calcomet method of dyeing, 764 
Calender rollers, speed, 530 
California wools, 342 
Callao fleece, 247 
Camel hair, 234, 236, 238 
chemical properties, 239 
fineness, 238, 240 
grades, 238 
marketing, 237 
microscopy, 238 
noils, 238 
uses, 240 
yield, 237 
Can ddivery, 576 
dyeing machinery, 740 
gill bojc, 546, 559, 560 
drafting details for first, 561 
Candlestick knock-off motion, 534, 565 
Cap frame, 588 
speed, 590 

spindles, worsted, number, 585 
spinmng, 511, 585, 588 
twisting, 590 
Cape Menon wools, 338 
Carbon in wool, 173 


102S 
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T»"S’}s, ?71 

Carbonircr, ^ 

^fU'*ntrcr ttrjcr. 

Car»>c«»£i«ir *> v'-* 

bsWjc^Tap'.y, <555 
conltrwous cJoth, 
effect, 426. 975^ 
faults disc to, 7?'5 
h>drochlenc setd. 426 
magne<iu*a cltJarsdr 
piece, 797, 82S 
wiwptner.l fc'. P29 
nsfr, ^6 

scoured v.ool. 426, 823 
sulfuric acid proc*!;*. 427 
tesnptralurc ra’Jijcs n. 8i2 
Card, brcaJjtr felt. 914 
first breaker, 453, 457 
fimsber, 451, 470 

intcnnediate woolen, 453, <f\ W> 
second breaker, 454, 469 
w'oolcn, pro<luclinn. 4B0 
woolen finisher, 470 
Card dolliingr, 453, 461. 463 477, 521 
feeder, 468 
gauges, 463 
grinding, 476 
rcclothing, 475 
set, woolen, 453 
setting, 469, 474 
sliver, 453 
speed, 465, 480 
stripping, 475 
wastes, 

width, worsted, 514 
■vrire, details, 462 
function, 451 
types, 451, 469 
wire oumbcTS, 463 
Carding, history, 453 
principle, 452 
woolen, 450 
wre gauges for, 463 
worsted, 450, 462, 511 
Cards, woolen, in U. S (table), 454 
production and speed, 479 
worsted, arrangement, 514 
construction, S14, 
grinding, 522 

^ds and combs, worsted, U S , 555 
Cwct, Asonuister, 7, 896 
Brussels, 7, 25 


'J*r, 

7, ^ 

RfU.F'jfSs* irr 

n-vf favr’" r, w 
tsr-f^^ry, 23. 

vv-lre*, 2*, 

V,V’t}n 25, >"■? 

Ci'-prt t***'!** 2*,*^ 

I V>'» 

f 331, 

fn’jhnig, ‘A*"* 
mij-Tjr, grwtl 2k 
fir ft, 7 
fh'-sfl'P, 9'1 
st«*r<T yams ^ 

Vi;/‘3y5T. 

.tv,} eoiK'tijA^ 

nt^Jc fo*' f. os 
s ttcJifn of 1 rat. 182 

riia.4t?ri*-kt 3K?. 8.n2.S36 7 


duty, y/> 

fil'C' thiekne^f a*vl l^ipth 

m 


(table). 


peoerapl Se soiircrs, 886 
prad-ng and rwrketing 
idstory. 96 
length. SS2 
Ikt, 882 
typo, 331. 882 
yarns, 883, 888 m 
Ctirro*hg. 266 
Casein fibers, 297 
Cashmere, chemical protterties, 232 
fineness, 231, 233 
length, 229 
marketing, 229 
microscopy, 230 
production, 228-9 
uses, 232 


Cashmere beard hair, 22S 232 
goats, 227 
imports, 229 
Cassimercs, 12, 13 
Castrating lambs HO 
Catalogs, 996 
Catcher wnrp, 899 
Caustic soda, effect, 194, 941 
Cell, cortical, 127, 128, 131 
fibrils in, 130 
microfibnls in, 130 
diameter, 130 
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Cell, epidermis, 126 
layers, 128 
mraoUa, 130 
permanent set, 185 
striated, 18 
wool, length, 184 
Center filling stop motion, 683 
Centrifug& 846 
Chacos, 248 
Chain, harness, 6S6 
Cham warp, 899 
Chase, 609 

Chemicd damages, 177, 189, 193 
properties, 169 
structure, 177 
test for fiber mixtures, 949 
testing, 918, 936, 949, 968 
fabrics, 947 

Chemistry of wool, 169 
Chenille, reversible, 899 
Chemlle blanket, 899 
carpet, early, 31 
fur, 899 
weaving, 898 
Cheviot breed, 87, 89 
Chinchilla effects, 858 
Chmchillas, 719 

Chlorination, M2, 203, 205, 797 
Cholesterol, 170 
Chromate dyemg, 763 
Chrome, stripping, 766 
Chrome dyes, application, 762 
effect, 208 

mordant dydng, 765 
Chubut wools, 340 
Cl F, 362 

Gassing wool, Australia, 311 
Clean value, 317, 319 
wool, 344, 940 
Gear finish, 806 
Clip marks, 358 
Gippings, 273 
Gips, paint, 112 
Goth conditiomng, 876 
construction, 930 
drying, 848 
extracting, 845 
importations, 27 
•shearing; 853 
fanc}, 858 

*hrinkagc calculations 827, 935 
tests 930, 948 


Qothing, card, 462 
Qothing length, 308 
warmth, 158, 933 
wool, effect of drying, 181 
lengtl^ 140, 339 
yams, size, 888 
Goffis, double, 713 
fillmg badced, 713 
smgle, 713 
triple, 720 
warp-backed, 715 
Cockle bur, 423, 945 
Codclmg, 715 
Oodcspur rollers, 447 
Coiler, worsted, 524 
Cold, action on wool, 182 
Color, brightness, 755 
wool, 150 

Color fastness tests, 952 
index, Rowe’s, 727 
matching, 755 
nomenclature, 752 
pigments, ISO 
tolerances, 756 
Colored noils, 271 
Colorimeter, use of, 755 
Colonmet^, additive, 755 
subtractive, 751 

Colors, matdung, 751, 755, 781 
stripping, 751, 754, 766, 779 
Columbia breed, 94-5 
Comb, British, 33 
Cutwright, 537, 548 
circular, 511, 536 
Continental, 548 
Couillard, 17 
expansion, 631 
French, 537, 549 
Henman, 537, 548 
Instory, 537 
Holden, 537, 548 
lister, 537 

Noble, 537, 548, see also Noble comb 
Simpson, 22 
Comb inventions, 537 
types, 536 
Comber board, 893 
Combination draw, 653, 655 
twiUs, 707 

Combing, Bradford, 536 
Trench, 538 
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Combmg, i.otU. 541 
pnnapic. 53B 
MIvcr rcnxi\'a}, .MS 
tetnpcralure witl 
wonted, 556 
Connbinp Icnnb, 2^^ 
oils, 437 _ 
wastes, 271 
wools, length of, 1 '0 
Combs, cards, worsted, iii U, 'S? 
Combastion. spontaneous. 433.4 
Commercial standards, 5S 
Commission houses 3SS 
wcawng, carlj, 13 

Commodit) Credit Corp , 42, 56, .'O'-o 
Comparator mctho<J. fiticne'i'f. 
Comparison method, xcRctaWt 
content, 

Compression roll, slasher, 617 
spooler, 628, 629 
Comprcssomctcr, Schiefer, 913 
Concordia wools, 316 
Condensation, slubbrnR, 574 
Condenser, carlj tape, 20 
Goiildinp, 10, 20 
tape, 327 
tube, 470 
woolen, early. 10 
Condenser card, 453, 470 
reed, 645 
tapes, 474 

Condensers, 4S4, 470, 471 
Conditioner, S46, 619 
Condtboningr, cloth, SIO, 876 
top, 546 

spcciRcations for, 157 
yam, 618 

Conditioning houses, 157 
Conductivity, 158 
Cone creel, magasunc, 631 
drawing, 36, 556, 560 
duster, 399 
wmders, 616 
automatic, 624 
Conqr hair, 265, 267 
Constants, tvnst, 592 
Consumption, reclaimed wools, 269 
wool, by mills, 43 
Continental comb, 548 
worsted drawing, Sll 
Continuous medulla, 132 
processes, see specific process 


Crrlle'.lt, fiW, 13S 
(V.wfj}"} yarn rumlrr, 5‘>< 
Cftflv-?? .'>1. tsrtors 503 
Causer iJ*'*c Kvi»n4, 

Coo’ fTAm% fr^Tl 
r >?<.•»{ VI 1 1 .«* rta'l.'-t'f'g, 3^3, 
C-ips. 45.> 7’1, 

Corded was**', 712 
Co'c birinp 9?S 
0'iri.<.-Te\'‘ t".!!}?, 7'V, 

Cnrro^nri. Met-s', 433 
Cn-tex. 124, 174 5 M 
Cortira! <rlN 127. 12<>, 

*'!ctrrjM''>n oi, IKS 
ij-wlcclfit IF6 

Ja>’er, 128, 224 
CrKts, lal-^r. 50 
Cotsu-old brrKl <Xt, 91, 32-^ 
s <v>\ fibers, 18S 
Co-ted fi'‘rce< 311, J14 3M 
Cotton, 287. 289 
Cotton a^d w&il mi’tti.rc* 432 
Ctiini methi>d. fd*'*r finery's^, 963 
Cotmicr, twist, *^27 
Counter pde rollers, 8-13 
Co*intJ, card wire, 464 
j-im. worsted, 566 
Cow liaif, 259 
Crabbing, IS-l, 812 
continuoius. 814 
Dighsh. 813 
Crcasabilit>, 297 
Creeling, 633 
Creels, 630, 640 
warp, large package, 647 
worsted spimimg. 565, S9S, 630 
Crepe effects, 185 
twist, 592, 593 
weaves, 711 

Crimp in woo! fiber, 139, 140 
Crimps, measuring, 922 
Crocking, fastness to, 782, 953 
Crodoncter, 953 
Cropping, 855 
Crosley jacquard, 891 
Cross breeding, start of, 32 
feeds, 466 

Crossbred fleeces, staple length, 32 
wool breeds, 93, 336 
grades, 313, 329 
type, 78. 79, 81 
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Crossbred wool type, characteristics 
(table), 96 

wools, characteristics, 329 
Crossbreeds, U S , 93 
Cross-section method, 956 
fineness, 962 

Crowfoot weave, 709, 719 
Crowns, wire, 464 
Crutchings, 313, 314 
Crystalline regions, fiber, 176, 185 
Cuprammoniutn rayon process, 292 
Curls in wool, 139 
Curvilinear drafting, 580 
Cut, 482 
Cut marks, 636 
pile, 721 

Cuticle, 124, 126, 127 
Cylinder speeds, card, 465 
steaming, 877 
washer, 819 
Cylinders, mam, 520 
Cystine, 174, 176, 178, 180, 185, 

198, 199, 201 


D 

Dabbing, 542, 544, 553 
^amaged fibers, tests, 950, 968 
Damping, 863 
Dampening, 877 
Dandy rovers, 566, 567 
biAbm size, 567 
DDT, 802 
Decatmg, dry, 860 
open, 877 
semi-, 877 
,^wet, 836 
Decreasers, 531 

Delects, latent and visible, 876 
Degradation, alkaline, 193 
peasing, continuous, 419 
De lame wools, 308 

Sn speed, 530 

Density, fleece, 118 
wool, 151 

Dpilatory process, 372 

Depitchmg, 815 

DS[eS"Sr 419, 81 

S««n»s, 116 

esign, bibliography, 983 


Design, fabric, 695, 697, 718 
Design paper, kinds, 695 
Desorption-adsorption curves, 153 
Despeckcr, 809 
Desuinting, 410, 411 
Detergents, scouring, 406, 415 
Dew point^ 508 
Dewing, 863, 864 
Diamond eye guide, 822 
Dickeys, 520 
Dictionaries, 996 
Direct dyes, after treatment, 208 
system, yam conversion, 504 
Directories, 996 
Discontinuous medulla, 132 
Diseases, sheep, 113 
Distribution, export, pre-war, 349 
Diversified twills, 707 
Divided draw, 653, 655 
Docking lambs, 110 
Dolfer, woolen, 399, 461 
worsted, 463 
action of, 520 
Doffer dickey, 520 
Dolly washer, 815 
Dorset breed, 87 
Double acting nappers, 843 
cloths, 713, 716 
cutter shear, 855 
cylinder gig, 840 
draft fulling, 827 
meche, 577, 579 
Doubling in gilling, 534, 560 

open drawing, 559, 563, 565, 579 
Down breeds, 87, 89 
Draft, back, 531, 560 
drawing-in, 496, 654 
effective, 561 
front, 531, 560 
gilling, 529, 565 

high, 602 
material, 531 
mechanical, 531 
open drawmg, 565 
random, 560 
spinning, 596 
total, 531, 532 
types, 530, 653 

Draft calculations, 531, 532, 533, 570 
increasers, 531 
Drafting, 482, 560 
Drafting, curvilinear, 580 
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1>r;t{t)0tr, 4*v5 

J)fa{tinfl; a 
Draj:, i6i, 571 
Dram rwmf', 5 V!j 
Urav\ j. ij ft% {>$Z 
l)ravn«r *' -M ‘ < 5" 

0«n5M'^jtal. 5'”. 5/r 
iTt^oc, 556 

•oji^ (BraftloriDi 5*^**, 55'^ .’**} 
{wrcwj'Hc, SU, SS*, S5?. '77, ■^7'> 
IJrawinp l>o>:cs, S65 
cakuhnoni, 

fran.e*, optn, C'*t^^v^r^^' . 

^ysten.-s, 556 

Dn»«n}»-jn, wcclanic*, 4V' 
mule, 484 

Drawmr-Jn tlraCj^, 652, 6*^' 
motion, 489 
of -warp^, 649 
Drawing-ofT rollcri, 544 
Drawing-out mounn, 4ft3 4!Si 
Draws, tjjKS, 652 
Drenching, 114 
Dresser, MO 
reel, high-speed, 652 
spools, 629 

DrcsMng, woolen w-arii, 611 
Dressing frames, MO 
Drop wires, 6S9 
Drums, expansion, 632 
Dry chlonnalion, 203, 204 
dcanmg, 410, giQ 
continuous, 811 
combed tops, S63 
decating, 860 
finishing operations, 845 
frame, 838 

heat, effect, 181, 184 
napping, 842 

transfer marking, 873, 874 
warping, 640 
Dryer, back wash, 528 
multiple apron, 422 
single apron, 421 
wool, 918, 920 

Drying, effect of, 181, 831, 849 
machines for, 746. 848 
Drying cloth, 848, 879 
cylinders. 635 
dyed material, 746 
scoured wool, 420 
silvers, S28 


-*'.“1, vl" 

-4>5 

D x«v*' '4{4 

J>— »31> ‘f* 

y *. I'l' ^1-'^ 
liyt 7i> 7>V. 77J 
u-kX\ ro 

{fair s'‘.2>(g<» 
l>Vf{’’y T2S 
av-i'i v‘ 7^,; 

stts’i'-i. eiV t < '', l**'» 

t *>’• Vif‘7. '» 

of fSi 

^a* hy. 777 

Ml'tllttlik* fef'W. ?Vt 

hat V. ?42 

744 

iKtlifo co^tir*iK*H*» 771 
piece. 775 
jfie’ii^li. 732. 761 
rr*xcd STOtl’ 780 
raw s'oek. 7il, 732, 771 
dv>dtl>% 7'>1 
sjtcck, 767 

\tftngth or weight, 754 
son ttleechc<} yam and fabne. 776 
theory, 727 
top, 738 
nnion, 783, 789 
sat. 725. 73S. 767 
correction, 771 
>aro, 742 

Dyeing and finishing, b’ends, 789 
fiowxhart, 803 
machinery', can, 740 
continuous, 735 
indigo dye tram, 736 
piece, 748 
pot, 740 

stainless steel, 730 74R 
top, 738 
\at, 735 
wool, 729, 732 
yam, 742 
procedures, 758 
with add colors, 725, 758 
chrome colors, 761 
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U>emB with iitdigObo!!>, 775 
nulling colors, 758 
mordant colors, 725, 761, 765, 797 
vat colors, 725, 735, 767, 775, 788 
wool mixtures, 782 
Oyes, affinity for, 206 
alteration, 795 
classification, 725 
chrome, 725, 761 
designation, 726 
exports and imports, 724 
feeding, 781 
index number, 726 
metallized, 760 
'Soluble, 186 
statistics on, 724 
vat, solubilized, 775 


E 

Earnings, workers’ hourly, 49 
Mse-up motion, 484 
Economic background, 1 
Economics, bibliography, 978 
Elasticity of wool fiber, 134, 195 
moduli of, 147 
Electrical properties, 158 
E iminators, static, 479, 507 
Elongation, fabric, 930 
wool fibers, 185 
Embargo Act of 1812, 14 
Eniulsions, use in spinning, 438, 439 
Ends, warp, 696 

England, imports from, 6, 28. 56 
English crabbing, 813 
TOwn breeds, 78, 81, 87 

iSTfi ^ “ 

worsted drawing, 511, 558 
Entrepot trade, 349 
En^es, action, 203, 207 
Epidermis, 116, 124, 126, 954 
Equal drafts, 560 
European menno, 64 
E^poration, moisture, chart, 851 
Evenness, testing for, 929 
Examimng, finish, 873, 876 
Expansion drums, 632 


Export countries, 348 
Exports, pre-war distribution, 349 
Southern hemisphere cotmtries, 35 
Extensometer, 924 
Extract wool, 276, 277 
Extracting clotli, 845 
Extraction squeezer, 846 
Extractor, vacuum, 847 


Fabric design, 695 
importations, 27 
shrinkage, degree, 879 
structure, influence on finishing, 805 
testing, 930 

thickness vs warmth, 159, 932 
vs weights and air contents, 162 
warmth, 933 

Fabrics, bibliography, 983 
chemical tests, 947 
early American, 4 
effect of steam, 183 
insulating properties, 159, 167 
moist, fchilling effect of, 165 
wool apparel, weight & thickness, 164 
Face finished goods, 806 
Factory era, 6, 13, 29 
Fade-Ometer test, 952 
Fallers, 529, 530 
False twist, 20, 561 
False twist tube, 496 
Fancy, function, 461, 469, 520 
Farm states, 353 
wools, 340, 343, 344, 346 
Fastness tests, 952 
Fat, wool, 170, 409 
Fat extraction, 946 
-rumped sheep, 96, 97 
-tail breed, 96 

Fatty matter, febnes, testmg, 948 
Faulty dyeing, 777 
steaming, 780 
Feamaught picker, 449 
Feathers, 268 
Feed apron, 516 

Feed rolls, 447, 516, 517, 532, 564 
Feeders, automatic, 399, 447, 454, 515 
Feeds, 403 

automatic weigh, 516 



^tal'h^sls, 911 

r<ilu’»:r, US oUt 

rdtinR iiroptft) 1'"-'^ 
qualif) , SC^^, wlS 
^hnnicape, 201, 204, ^55 
Tclts for jnerfanica' 'Ht', <51 1 
Ferrt’WUlion vat uarm 770 
Tiber, hi'tolopj iZI 
salt linkuKec in Vioal IR'i 
X*ray aaal>*si« 134 
Fiber breakage 433 
composition, 173 
content detcrmnalm, 
felt 905 

relation to air content, 163 
contour, 13S, 956 
entnp, 139 

cross section method 9S6 
damage, alkali, 195, 9S0 
bactena, 206, 20S 
carpet beetle, 209 
heat, 181 

methods for measuring 950, 968 
imldew and mold, 206, 207. 208 
moth, 209 

processmg, 279, 28Z 950 
sunlight, 180 

fineness, 136, 307, 921, 959 
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Fineness tests, 921 
Finish, examining, 873, 876 
non-shnnk, 871 
Finisher card, felt, 906 
woolen, 37, 453, 470 
drawing, American system, 610 
Finishes, types, 806 
Finishing, bibliography, 985 
carpet, 900 
development, 12 
factors, 804 
felt, 916 
full shrink, 871 
machinery for. 12 
_ top, 545 

Finishmg and dyeing, flow chart, 80; 
after dyeing, 791 
operations, dry, 845 
wet, 804 
wastes, 270, 272 
First pieces, 312 
Flannel, 28 
Flat lock, 216 
weaves, rugs, 900 , 

Flax, 290 
Flax packs, 387 
Fleece, division of, 391 
loading, 247 
protecuon, 96 
_,tymg, 108, no 
Fleece density, 118 
Srades, 305 
^owth, 118 

Mr'S, 391 
Wool prices, 319 
wools, 340, 392 
'iwces, opening, 391 

KS^on.Tl08, 247, 387 
Shrinkages, U S , 318 
skirting, 392 
'■anations, 304 
1 ‘ock removal, 858 

^0(^ng 826 

S^^-s, 272 

grinder, 477 
^ "-aste, 271 
|:*'oorescencc, 757 

I'Sht microscopy, 971 
*^olls, types, 532, 533 


Fly in spinnmg, 590 
shuttle, 11 
waste, 271 

Flyer, gill box, 561, 562 
Flyer frames, 511, 587 
speeds, 566 

spmdles, construction, 564 
number ih U S , 585 
spuming, 585 
Folding, yam, 615 
goods, 873 
Follicle, hair, 116 

Foreign & dom wools compared, 370 
competition, 56 
wool, duty on, 369 
wool auctions, 358, 359, 364 , 
duty, 369 
grading, 311 
imports, 350 
marketing, 358 
receipts, Boston, 351 
tops, strength, 143 
Formaldehyde, action, 205 
Former card, 906 

Formic acid on wool, action, 191, 193 
4x1 box automatic loom, 694 
Fragmental medulla, 132 
Frame, dressing, 640 
dry, 838 
harness, 649 

Frame spinner, Whitin, 492 
spinning, principle, 491 
packages, 498 
Frames, continuous, 586 
Franklm process, 734, 738, 745 
French backs, 713 
comb, 537, 548, 551 
principle, 549 
principle motions, 550 
production, 553 
combing Icn^h, 308 
dramng, 577 
merino, 102 
noils, 549, 554 
worsted combing, 548 
system, 33, 511, 583 
Friction drag, 562, 571 
Front drafts, 531, 560 
Frozen ^\ool, 182, 420 
Fugitiie tints 639 
rulling, 819, 916 
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Fulling defects^ 828. 
effect, 975 
fatness, 953 
felts, 908. 916 
machines, 820 
methods, early, 3 
numerals, 874 
Fidlmg shrinkage, 827 
streaks, 828 
Fur. 262 

Inbliography, 990 
boiled, 267 
Fur blending, 266 
blowing, 267 

cutting operations, 265, 266 
libers, use, 262, 264 
grades, 265 
pelts, processing, 265 
Futures commissions and contracts, 380 
markets, speculation in, 384 
value and sendees, 381 * 
trading, 378, 380 


6 

Gap rest sheanng, 856 
Garnett, 445, 459 
wire, 446, 4^ 

Gamettmg, 275, 432, 444 
Gauge point, formulas, 591 
Gears, driven and driver, 531 
Giggmg, 838 

GiU box, 529, 533, 546, 547, 559, 561 
Gillmg, 511, 529, 534, 559 
top, 545 

Glauber’s salt, effect, 196 
Globe spinner, 11 
Glovers wool, 372 
Glyoigrlabon, 796 
G<»l Angora see Angora goats 
cashmere 228 
common, 212 
Goat hair, 233, 234 
Goose feathers, 268 
Gouldmg condenser, 10, 20 
Wt controls. World War II, 55, 364 
Grades, numerical, 305 
Gmdi^, English system, 305 
toragn wool, 311 
pulled wool, 374 


Grading, U. S , 305 
wool, 304, 309 
Grain rovmg, 596 
Greasy wool, 170 
Grease content vs quality, 171 
Grease content test, 946 
pnee^ wool, 317, 319 
recovery, 413 
weigh^ 40 
wool, impurities, 396 
moisture, 152 
Greasometer, 946 
Greasy wools, 887 
Grinding cards, 476, 522 
Grouped draw, 653, 655 
Grov^, wool hair, 118 
Guanaco, ^241, 252, 253 
Guard hair, 263 


H 

Hair, 120 
kemp, 133, 331 
parts, 124 

Hmr fiber folhcle, 116 
Hair fibers, breal^g strength, 145 
specialty, 212 

Half blood 305, 306, 307 
Halogens, action o^ 200 
Hammer mill, 820 
Hampshire breed, 87 
Hand combmg, 537 
spinning and weavmg, 2, 3, 11 
Hangmg system of dydng, 743 
Hank dyemg, 742 
winder, 621 

Hard rest shearmg, 857 
wastes, 270, 272 
Hardening felts, 907 
Hardness of water, 406, 728 
Harmet bur-crusher, 518 
Harness diain, 656 
frai^ 649 
motion, 665, 669 
Harnesses, 650 
Harrow forks, 402 
Harshness of wool, 180, 849 
Hat fdts, 903, 912 
Hawlqr-Smoot Tariff Act, 369 
Head motions, 665, 669 


1NI>1 \ 


1037 


Heal, action, 18) 
do. effect, 182. 18^ 
doing willi, 840 
moist, effect, 182. 184 
Hc.al-rclaininp qualities, 15‘» 

Hcddics, function, 6^1 
types, 650 
Urging, 3^ 

Halmaii comb, 511, 5V 
Hemp, 290 
Herder, 103 
Herding, range, 103 
Hernngbone Ittilb, 70S 
Hcteroiypc fibers, 121, 33! 

High draft niccbniism, 602, 603, 60/ 
frame spooler, 628 
roll tahc'up, all-puniose, 6/9 
Highlands, Black face. 79. 81 
Hirnk breed, 98 
Histology, wool fiber, 123 
Historical background, 1 
bibltograpby, 978 
Colonial period, I 
early fabrics, 4 
first factories, 6 
hand spinning, 2 
legislation, S 

machine inventions, 9, 10, 12 
power, conversion to, 9 ^ 
rug and carpet industry, 7 
iscaving, improvements m, 11 
wool supply, impro\cmcnt, 8 
woolen and worsted, 4 
1830-1870, tcchnic<*i1 advances, 18, 30, 
after 1870. 34, 35 
Nat'l Asso Wool Manuf , 29 
recent period, 1919 to d.atc, 39 
Holden comb, S37 

Homespun, 4, 28 _ > 

Horse hair, 260 
Hosiery shrinkage, 936 
Huacaya, 243 
Huanaco, 241 
Huanzo, 241, 245, 247 
Huato, 241 
Hue, 253, 7S2 
Humidification, S07 
Humidity, 508. 509, SIO 
Humidify in spinning, 506 
■warping, 633 

Hurricane high-speed tenter, 850 


Hybrids, 241 
Hydraulic presses, 86S 
pressing. 879 

Hydro-extracting, 846 , 

IHdrocliloric acid, cirboniring sMth, 
' 276 

effect, 190 

Hydrogen in wool, 1/4 
Hydrogcn-ion concentration, le/ 
iicroxidc, effect, 19/ 
bleach, 198, 793 
Hygroscopicity, IfO 
effect on wirnith, ]W 
Hydrosulfitc bleach, 794 
s.'it, 768 


Ichu. 242. 244 
Ignimbihty, 182 
Immersion rolls, 635 
Import countries, 348, 

Imports, foreign, 350 
Boston receipts, 34 
wool, 27 , 34 40.56, 350 
Importation of fabrics, cf 
macluncry', 18, 35 
mules, 21 

Impurities, 396, 397, 525 
Impurities in grwsc wool, 396 
Index number, dyes, 724, /-o 
Indigo liquor flow, 771 
piece dyeing, 773 
Indigosols, dyeing with, 7/a 
Indirect system, yarn inversion, 504 
Industry, factory, ffowth m, 13 
Infra-red drying, p3 
photography, 971 
Ingram carpets, 7, 

Insect damage, 970 
Insecticidal sprays, 802 
Inspection spooler, 628, bOf 

InSISnf property, camel hair. 235 

fabrics, 159, 932, 933 
wool, 158 

Interm^ate drawing, American sys- 
tem, 610 
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Intermediate card feeds, 466, 469 
feeds, early, 19 
stock transfer devices, 466 
woolen card, 453 
Intermittent draw, 653, 655 
vertical paper press, 867 
worsted spurning, 586, 608 
International Wool Secretariat, 61 
yam system, 502 
Interrupted medulla, 132 
Intersectmg gill box, 574 
Inweights, 359 
Iraki sheep, 98 

Isodectnc and isoionic points, 185 


J 

Jade, semiautomatic, 20 
Jade spinners, 37 
Jadespool, metallic, 622 
Jackspool dyemg, 745 
stand, 640 
Jadespooler, 627 
Jacquard, Crosley, 891 
mutation, 858 
Jacquard carpet loom, 890 
Jenny, 10, 453, 481 
Jute, no, 390, 906 


K 

Kansu wool, 884 
Karakul breed, 78, 79 
Kemp, 120, 122, 225, 331 
Kemp hair, 121, 133 
Keratin, 173, 174, 176, 178, 198 
Kersey, 4 

Kid mohair, 215, 219, 221, 222, 224, 225 
Kidding, 218 
Kmttmg yams, 623 
Knock-off motion, candlestick, 534, 565 
Kolinsky fur, cross section, 126 
Knraraer, 719 


L 

Labdmg, 57, 58, 1007 


Labor, 49, 50 
bibliography, 988 
Lambing, 104 

Lambs, castrahng and dockmg, 110 
marketing, 104 
number in U S (map), 80 
Lanameter, 965 
Lanasterol, 170 
Lanchow, 884 
Lamtal, 297 
Lanolm, 170 
La Plata wools, 26 
Lap system, Bdgian, 467 
Laps, 271, 453 
Laundry whed, 819 
fastness, 953 
Lay, assembly on, 685 
Lay motion, 665, 667, 674 
Lease reed, leases, 641, 642 
Leather motion, 581 
Legislation, Colonial, 5 
Leicester breed, 32, 90, 92, 329 
Length, breed, 141 
carpet wool, 141, 882 
speaalty hair, 220, 221, 229 
wool fiber, 140, 922 
Length curves, reworked vrool, 281 
speaalty hairs, 255 
tops, 923 
testmg, 922 
vanation, fibers, 140 
Leno weav^ 7^, 899 
Let-off motion, 665, 675, 678 
Leuco compounds, 767, 768 
Licker-m, 469, 517 
Lifter motion, 563 
plate, 590 

Light, ffistness to, 952 
Light damage m wool, 179, 779 
damaged fiber, 180 
Lime process, 372 
Lincoln bree^ 32, 90, 91, 329, 336 
Lmen, 290, 889 
Lins^-wools^, 4, 28 
Lint deaners, automabc, 632 
Lister comb, 537 
Literature^ wool, 978 
Llama hair, 240, 242, 245 
marketmg, 247 
properties, 255, 257 
Llamas, number, 243 
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Uamas, plijsical charactcri«:iics 242 
Locks, 216, 312, 313 
London wool auctions, 358 
Exchange, 361 
shrinking, 185, 877 
Ixmg drafts in spinning, 588 
fiber method, s\ool fineness, 960 
ftxx)! breeds, 90 

characteristics (t.iblc), 93 
grades, 329 
types, 328 

wools, characteristics, 328 
Loom, all-purpose, 694 
automatic 668, 694 
Axmmster, 896 
Bigelow, 25 
broad, 11 
carpet, first, 7 
chenille blanket, 899 
convertible, 694 
Crompton, 22, 23, 37, 664 
filling changing, .39 
jacquard, 890 
operation, 665 
parts, 665 

IL 22, 25 

W-3', 694 
Loom beam, 633 
fives, direct, 38 
fiwr, looms per, 668 
lubrication, 669 
"lotions, 665 
speeds, 37, 693 
Widths, 664 

®, American types, 692 
automatic, 668, 694 
oibhography, 983 
shed, open, 24 

woolen and worsted, number 47 
oms per weaver, 693 

LoS A 207, 345 


M 

ifaclunc inventions. Colonial, 7, 8, 11, 
12, 17 

Magarinc cone creel, 633 
warp creel, 647 
Magannes, wool, 686, 999 
Magnesium sulfate, effect, 196 
chloride process, 428 
Management bibliography, 988 
Manifold draw, 653, 655 
Mantle steaming, 862 
Manufacture, bibliography, 981 
flow chart, wool, 385 
Manufacture and testing procedure, 
972 

Manufacturing, atmospheric conditions, 
505 

first factories, 14 
1830-1870, 18 
in 1870, 29 
after 1870, 35 
from 1919, 39 

Manufacturing pamphlets, 993 
svastes, 270 

Margins, futures contract, 380 
Market centers, 351, 357 
controls. World War II, 364 
Marketing, Australia and N Z, 359 
cooperative, 355 
European, 358, 364 
international trade, 348, 364 
London, 358 
methods of, 352 
South African, 363 
American, 361 
specialty hair, 219, 237 
wool, 348, 351 
foreign, 358 
pulled, 372 

Marketing bibliography, 978 
lambs, 104 
mohair, 219 
noils, 271 

Markets, futures, 379, 381 
leading U S , 351 
worsted yam, 54 
woven cloth, 52 
Marks, clip, 358 
cut, 636 

Marrow, cellular, 130 
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Matching colors, 751, 781 
Material drafts, S3l 
Measuring apparatus, fineness, 964 
goods, 636, 873 

Mechc, single and double, 577, 579 
Medium wool breeds, 86 
wood types, charactenstics (tabic), 
90 

Medium wools, characteristics, 328 
Medullas, 132, 224 
Medullated fibers, 130, 224, 225 
hair, 121 , 132 

Mdamine resms, effect of, 203, 205 
Melange intersecting gillbox, 577 
Mdtons, 717 
Mending, 810 

Merino, American, 8, 26, 32, 33, 64, 
67, 74. 83, 340, 344 
Australian, 66, 83 
European, 64 
SouA^rican, 70, 83 
American, 70, 83, 339 
Spanish, 64, 83 

Menno wool, Australian, fats in, 172 
charactenstics, 326 
production, 334, 337 
shrinkage in scouring, 304 
Mesbza bur, 518 
Metachrome dyeing, method, 763 
Metalized dyes, 7^ 

Metallic breast, 457 
reed, 657, 658 
salts, effect, 196 
stains in wool, 197 
Metals, action, 199 
Microbiology of wool, 207 
Micrometer caliper method, fineness, 
921 

Microscopy, 116, 953, 968 
bibliography of, 898 
fluorescent light, 971 
mfra-red, 971 
Mildew m wool, 206, 208 
Mill, hammer, 820 
rotary, 821, 823 
stod^ 820 

Mill consumption, 43 
operation, schedules for, 51 
sponging, 870, 871 
tOTperatures and humidity, 508 
Milling, 819 


Milling, bibliography of, 985 
Millmg colors, dvcing with, 758 
Minenu wool oils, 440 
Misti, 241 
Mixed stocks, 780 
wools, 96 

Mixing, 430, 432, 913, 940 
Mixing machinery, 446 
Modified wool, 199 
Moduli of elasticity, 147 
Mohair, 212 
cape, 220 

chemical properties, 225 

commercial uses, 226 

cross section, 224 

duty on, 220 

exporters, 219 

fib^ scale formation, 223 

fineness, 222 

grades, 222 

length, 221 

marketing, 219 

physical properties, 221, 225 

Turkey, 220 

Mohair industry, development of, 213 
kemp, 225 
kid, see kid mohair 
production, U S, 213 
world, 212 

waste, consumption of, 269 
Moist gigging, 839 
Moisture and regain, table, 919 
content, 151, 845, 847, 848, 851, 918, 
919 

testing for, 154, 918 
control, 505 
determination, 918 
equilibrium, 153, 154, 155 
evaporation chart, 851 
extraction, 845 
m testing, 918 

regain, 152, 157, 167, 509, 845, 919 
Molds, number, 207 
retardation, 208 
Molecule, W’ool, 175 
Molting, 120, 228 
Montagnacs, 719 
Montevideo wool, 316, 339 
Moqnett^ 25 

Mordant colors, correcting, 765 
dyeing with, 765 


Mordantuig, 197, 797 
Moth damage, 209 
Mofcproofing, 799 
MuSlon hrra, 63, 78 
Mtde, early, 481 
English, 37, 481 
self'acting, 481, 483, 489, 915 
Mute details, 483, 489, 91 S 
gauges, 489 
production, 489, 490 
spinner, first American, 481 
spinmng, worsted, S85, 608, 915 
-spun yams, quality of, 608 
twisdng, 485 
Mules, imported, 21 
Multilap continuous dyeing, 7S1 
Multiple apron dryer, 422 
drum sprier, 628, 629 
shift operation, 51 
Midh-reel dyeing equipment, 748 
Mungo, 276 
Music ox, 261 

N 

Naphtha process, 401, 416 
Naphthalene, 801 
Naphfhol dyeing, 788 
Naphthols, application of, 788 
Napper, devdopment, 12 
Nappmg, 841 
. Naps, types, 841 
Narrow goods, 664 
Navajo sheep, 76, 99 
Neck pieces, 312, 392 
reed, 642 
Neppiness, 521 
Neps m carding, 521, 522 
roving, 567 

Neutral salts, effect of, 196 
Neutralizer, static, 479 
Neutralizing, continuous, 835 
piece, 834 
v«)ol, 427 

dating wool, 314 
sellmg wools, 359, 361 


New Zealand f.ncnc*^ 
sutnl in (table), UJ ^ 

Nip motion comb, 5y», 53# 

Kiiro compounds, Wl 
Nitrogen in wool, J74* 178. U3 
Noble comVs 17. 33, 511, 51# 
operation, 538 
parts, 539 
production, 545 

Noble combing procedures, 540, 542 
Koilage, recomhing, 270 
\s scoured yield (table), 55? 

Ktuls. 270 
carlxmiecd, 271 

colored, 271 ... 

combing, 271. 329, 512, 538, 

consumption, U. S . 269 

fineness (table), 555 

hair, 271 

prepared, 271 

price, 554 

quantities, 271, 555 

siik. 286. 432 

types, 554 

yield in French combing (table), 

sss 

Non-felting wool, 201 
patents on (table), 203 
Non-raveling larpci, 900 
Non-sbrmlcing process, 204 
Non-woven fdt, manufacture, 905 
Noogoora burr, 424 
Nub yams, mechanism for, 617 
Numbering, picci^ 807 
silk, 287 

woolen, 503, 926 
Nylon, 300 


Nylon staple and top vs wool 
tow, 301 * 
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Offset twills, 707 
Offsort grades, 314 
Oil-combed tops, 528, 563 
Oil content, yams, M7 
Oiling, automatic, 448 
stock, 433 
methods for, 442 
Oiling rags, 273 
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Oihnsr shyer, 432, S2S 
Oils, application, 5J11 
con«ufflptiDn, 435 435 
lubncating requirement*., 434 
t}T«, 43S 
Open b’owin^S62 
tlwaVitig, 8// 

draiving, 511, 556, 55S, 565 
sequence of processes in, 
drainne frames, constnsction 565 
gilling, 559 
Opener, 39S 
Opening, 59S. 940 
Organic aadc, effect, 190, 191 
Orange Free Sta’c wools, shnnkaqo 
339 

Out w’cights, 359 
0\-alih% fiber, ^956 
Overlooker, 375 _ 

©■aord breed, 87 

Ovi^tioa damage 178, 196, 951, 95** 
Oxi^sdng agents, attack bv, 178, I*'?. 

201, 202, 951 
0\ygea in wool, 174 


P 

Package djeing, 743 
Packages woolen spmnirg, 495 
worsted, 597, 623 
Packaging, 482. 499, 581, 597 
Packing 5} stem of dyeing 743 
Paco-llama, 341 
-vicuna, 241 
Pamting pdts, 373 
Palmer drying, 853 
Panama breed, 95 
Paper press, vertical, 865, 867 
Para-dichlorobenzene, 801 
Parasites, (sheep), 113 
Paraguayan bur, 424 
Pashm, 228 
Pasteurization, 207 
Patterns, fancy, vvarpmg, 646 
Peanut protdn fiber, 302 
Pelts, 347 

Pertachloropheaol, 801 
Peralta roller, 468 
Pending, 807, 876 
Peptide linkages, •wool fiber, 176 


Permarent set 184, 185 
Permcal 'Iny, air, 934 
Pcro>cxde, effect of h> d-ogca, 
pK value. ISr. 189, m 412 
test c!i woo', 947 
Pi cr v’-snlfar condensate^. 797 
Phot «:*s’em .cal de«»mpo*‘h3n 
Pho'ogrrphy, nfra red 9/1 
Pfio‘'o'mc''0«copy, 970 
Pfio-*^otrcij>ivn, /5S 
Phv‘-*inl p'opertfes 116, ISS 
effect of liAleqcas, 200 
aiMified wx>ol, 200 
tc>ti'ig 918 

Piclcr, feamaught, 449 
mixing 446 
rag, 274 
PicJ,ing, SiS 

Ptcldng motion operation, 665, 6 *'”, 673 
of psticm, 648 
Picks back 715 
stuffing, 716 
P,ecc carbenizirsg. 797 
d>cmg, continuous, 750 
indigo 773 

dicing mschmery, 748 
numbering, 807 
scouring, 196, 814 
continuous, 817 

Pigment method, vat dje applicau’ii 
788 

Pigments, color, 130, 150 
Pile, cm 721 
Pile fabrics 721 
roller, 843 
ware, 893 
Pm roller, 447 
Pmless red, 642 
Pinning Kob’e comb, 542 
Pitch band reed, 657 
Plain set wire crowns, 465 
weave, 69S 

Pianbng of pattern, 891 
PlasSatj', wool, 182, 184 
Plate singdng, 812 
Plucked fur, 266 
Plushes, 721 

Ply doths, use of. 716, 720 
Ply-yarn calculations, SOI 
Pointed draw, 653, 654 
Polw'orth bre^ 95, 336 
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Polypeptide chain, 17^ 203 
Porcupine, function, 580 
Porosity, 934 
Potash, effect, 196 
Potash salts, ui suint glands, 117 
Potassium permanganate action, 198 
Potentiometer, Mackenzie, 412, 413 
Pot system of dyemg, 740 
Potting, 837 

Power loom, first, 11, 22 
looms, 664 
Preparing, 529 
Press, first cylindrical, 13 
Pressmg, 865 

Pressing machine, automatic hot plate, 
868 

Pressure, effect of, 182, 184, 185 
Pressure blowing, 860 
Pressure stock-dyeing machme, 734 
Pnee and shrinkage, wool, 317 
Pnee ceilings, 55 
chart, 320 
controls, 56 
statistics, wool, 41 
Prices, wool, 318, 356, 365, 377 
fluctuations in, 41, 356 
Printing, 723, 798, 896 
bibliography, 986 
direct, piece goods,' 798 
roller, 24, 30 
vigourcux, 798 
wool, 798 
I'am, 894 

Procurement, World War II, S3, 56 
Production, carpet wool, 322 
recent, 1919-46, 39 
wool, 1, 2, 6, 304, 321, 326, 343, 352 
wool spinning frame, 496 
Progressive drafts, 560 
Projecuon microscope, English, 965 
Protein in wool, 173 
action of halogen, 201 
maximum stabilitj, 185 
molecule, 175 
Pulled wool, 40, 372 
aiiount in Exchange Standard lops, 
379 

foreign, 377 
grading of, 374 
Ume in, 779 
mwletirg, 376, 887 


Pulled wool, methods, 372 
mill consumption, 43, 269 
prices, 377 
shrinkage, 377 
uses of, 377, 882 
U. S production, 343, 344 
yield, 347 
Pullery, 373, 376 
Punch wmding, 535 
Punched felt rugs, 900 
Punta Arenas wool, 316, 330, 339 


Q 

Quality, correlation with grease con- 
tent (table), 171 

spinnabihty and maximum counts, 
(table), 586 

influence of finishing, 804 
Qualify control, 97l 
Quarter-blood, 345 
Queensland wools, 336 
Quillers, automatic, 624, 626 
Qumone, use of, 206 


R 

Rabbit, Angora, 262 
Rabbit hair, common, 264 
markets and prices (table), 268' 
Rag picker, 274 
sorting, 273 
Rags, carbonizing, 276 
oiling, 273 

Railway balling head, 523 
Raising operations, 451, 452, 838 
Rambouillct breed, 8, 83, 105 
Ramie, 290, 900 
Range herding, 341 
wools, 341, 343, 344, 354 
Raich, length, 530 
in gilling, 530, 561, 562 
Ratchet trd^up, 679 
Ratine effects, ^8 
Raw materials, consumption, 269 
Raw stock djeing, 731, 732, 733, 743. 

744 

Raw wool, 318 
qualify is finishing, 804 
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Raw wool shrinkage, 319 
Rayon, dieoiical properties, 296 
^azotized colors on, 787 
direct dyeing, 787 
dye affinity, 786 
I^ds, 290 

naphffiol dyeing, 788 
new developments, 297 
properties, 294 
sulphur dyeing, 787 
U. S. production, imports, 
consumption, 292 
Rayon filament, 290 
foencss, 294 
len^s, 295 
moisture content, 296 
staple fiber, 290, 293 
vat dydng, 788 
vs. wool fineness, 293, 294 
waste, consumption, 269 
Redprocal system, yam conversion, 
504 

trade agreements, 43, 52 
import duties from, 57 
Reciprocating motion, 602. 622 
Redpiocity Treaty (1854), 28, 31 
Reclothing cards, 475 
Recovered wool, see shoddy 
Rectilinear comb, 511, 536, 537 
Red wool, 216, 336 
Reducer, 566 
French, 574, 577 
Redudng agents, effect of, 198 
Reed, condenser, 645 
entering, 641 
lease, 641 
tyi^-in, 644 
Reeding operation, 657 
Reeds, types, 630, 657 
Red, dresser, 633 
piiuess, 642 
warp, 630, 642 
Refinishing, 879 

Regdn and moisture table, 152, 919 
Regain and relative humidity, mills, 
507 

Regains, standard moisture, 157 
Rejects, 311 

Relative humidity, 507, 508, 510 
Rdaxation shriidmge, 201 
Reprocessed wool, definiffon, 58, 275 


Resilience of wool, 148 
Resins, synthetic, application, 203 
Resists, 796 
Resultant counts, 502 
Reused wool, definition, 58, 275 
Reversed twills, 706 
Reversible chenille, 899 
flange nng, 599 
Revolver blade, 856 
Rewinding, filling bobbin, 660 
woolen yam, 627 
worsted yam, 621 
Reworked wools, 269 
length curves, 281 
Rib set wire crowns, 465 
Rib weaves, 699 
Ribby cloth, 710 
Ridometer, 412 
Rigidify of wool, 148 
Ring, flange, 599 
sdf-luhncated, 395, 495, 599, 601 
vertical, 599, 601 
Ring and travder, 598 
doffer condenser, 470 
rover, 568 

ronng frame details, 569 
spindle speeds, 566 
spffidles, worsted, 585 
spinner, mvenbon of, 482 
spinnmg, woolen, 482 
frames, 602, 627 
packages, 498 
production (table), 497 
worsted, 511, 597, 606, 624 
twisting, 482 
Rio Negro wools, 340 
Roller draft, 482, 587, 602 
prinHng, 24, 30, 798, 894, 986 
Rolluig goods, 873 
Rolls, fluted, 533 
immersion, 635 
Romddale breed, 95 
Ronm^ Marsh breed, 90, 93 
Roob wool fiber, 123 
Root and shaft, differences, 124 
Rope washer, 815 
Roping, 453, 470, 478, 828 
Rotary fulling null, 821 
continuous, 823 
Rotary press, 865, 869 
Rovers, 567 
Rovers, ring, 568 
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Rovjng, 453, 470, 478, 494, 582, 611, 
914 

Roving calculations, 478, 569 
frames, 493, 494, 567, 569 
machinery, new, 614 
wastes, 371 

weights, worsted yarns, 478, 567, 
584 

Rowy goods, 449, 828 
Rub apron, French, 581 
Rub apron condenser, 474 
Rubbing leather, 581 
motion, 581 

Rug and carpet industry, history, 7, 30 
bibliography, 990 
weaving, American origin, 2 
Rugs, manufacture, 882 
types, 900 

Russian wools, protluction, 324 
Run, 482 

Rycland breed, 87 


"S" twist, S9S, 703 
Sales, domestic wool, 366 
Salt water, fastness to, 952 
Salting, 376 

Salts, metallic, effect, 196 
Sample wastes, 272 
Sampling, 310, 937 
precision, 946 
Sand, per cent, 397 
Sand bur, 424, 945 
Sand crepe, 711 
Santa Cruz wools, 340 
Saponification, 408, 409 
Sateens, filling and warp plush, 708 
Satin draw, 653, 655 
weaves, 708 
Satinets, 11 , 12 , 208 
Saxony merino, 83 
Scales, mohair, 223 
wool, 124, 125, 126 
^“^tfred draw, 653, 655 
ochofield card, 19 
Scotch blackface, 98, 99 
feed, first, 20 
feeds, 466, 469 


Scourability of oils, 435 
Scoured wool, grease content, 946 
specifications, (table), 413 
yield, 318, 343, 345, 346 
Scouring, control of, 412, 946 
counter flow method, 411, 412, 
desuintmg method, 410, 411 
effect of isoelectric point on, 186 
effect on bacteria and molds, 207 
piece, 778, 814 
raw wool, 400, 940 
soap alkali method, 406 
grease recovery, 413 
solvent, 416 
water for, 815 

Scouring agents, 409, 416, 815 
bowls, 402, 410, 746 
felts, 913 

liquors, purification, 43 
machine, first, 19 
machines, European, 403 
procedure, 417, 939 
process, soap-mkali, 406 
shrinkage, 397 
solution, control, 195 
temperatures, 195, 405 
tram, 400, 404, 414, 427 
continuous, 401, 817 
production, 405, 416 
units in U S , 402 
Scray, cloth, 860, 871 
Scribbler, 453, 468 
Scutching, 836 
Sebaceous glands, 116 
Second breaker card, 458 
pieces, 312 
Section beams, 633 
reed, 640 
Sengraph, 927 
Serins 174 
Setting, carpet, 896 
Setting of twist, 618 
cards, 474 

Shades, matching, 781 
Shaft and root, wool fiber, 124 
Shawl goat, 227 
Shear, first mechanical, 855 
Shear flocks, 272, 826, 858 
Sheanng, carpet, 901 
cloth, 853 
fancy, 858 
fleece, 104, 106 
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Shearing, method (diagram), 109 
Texas, 110 
wool, 106 

Shearmg machmes, 854 
Shearimg, 375 
Shedding, 665, 889 
Sheep, development in U S , 74 
domestic, pedigree chart, 78 
fal-mmpOT, 96, 97 
-tailed 96, 97 
handlmg, 103 
history, 63 

mimbtf in world, 71, 323, 325 
^es, 80 

world distribution, 325 
Sheep and lambs, on farms, 76, 77 
brandmg, 112 
breeding bibliography, 980 
breeds, American, m U S , 74, 79 
down, 87, 89 
Leicester, 7 
long wool, 90 
mermo, Australian, 66 
European, 64 
German Saxony, 75 
Nigretti, 68 
Ksmbomllet, 68 
Soudi African, 70 
South American, 70 
Spanish, 64, 75 
Navajo, 76 
Vennont, 68 
Sheep bur, 424 

Sheep distribution by states, 80 
world, 71, 325 
diseases, anthrax, 114 
parasitic, 113 
herding, range, 103 
raismg, 63, 100 
eastern farm, 101 
Texas, 105 
western range, 101 
shearmg, 106, 107 
states, leadmg, U S, 340 
statistics, 69, 70, 71, 72 
^pes, 80 

Sheet dotlung, 462 
Shields, balloon, 602 
Sl^ operation, multiple, 51 
Stuppmg, making-up for, 387 
Shive, 424. 945 

Shoddy, classification, 273, 275 


Shodd> consumption, U. S , 269 
dyemg, 791 
early use, 33 
pre-treatment, 273 
Shorn wool, 40, 887 
mill consumption, 43, 269 
U. S production, 342, 343, 344 
Shorn wool grades, 887 
Sliort ends, 272 
Shots, 894. 896 
Shoulder wool, 392 
Shredding, 449 
Shnnkage, fabric, degree, 879 
cfiFcct of non-fdting treatment, 204 
excessive, control, ^0 
fclbng, 201 

foreign vs domestic wools, 372 
fulling, 827 
grease wool, 317 
relaxation, 201, 935 
sock, 204, 936 
wool, 319, 339, 937 
Shrinkage by states. 319 
calculations, cloth, 827 
control, 879 
evaluation, 317 
m scouring, 396 
steaming, 877, 935 
standards. Army, 935 
testing, raw wool, 937 
in stcaramg and washing, 935 
Shrinking, water, 877 
Shropshire breed, 87 
Shuttle, ily, 11 
Shuttles, 667, 897 
Side drawing, 19, 20 
Sikkim-Bera br^, 97, 98 
Silesian menno, 83 
Silk, 284 
consumpbon, 269 
spun, 286 

standard skein, 285 
structure; microscopic, 285 
tussah, 287 

Silk and wool mixtures, 432 
Silk bales, 285 
fineness, 285 
markebng, 285 
noils, 270, 432 
producing countries, 285 
Smgdng, doth, 812 
Single acting nappers, 843 


Index 


mr 


Single apron condenser, 474 
dners, 421 
cloths, 713 
draft fulling, 827 
liber testing, 922, 924 
mechc, 577, 579 
strand yam test, 928 
Sining wool, 884 
Sinkers, 714 
Size, antiseptics in, 639 
testing for, 947 
Size pan, 641 

Sizing equipment and ingredients, 638 
grades, 638 
importance, 637 
worsted warp, 633 
bkein testing, 927 
Skirting of fleece, 312, 392 
Skin structure, 116 
wool, 882 

Slap draw, 653, 655 
Skitteiy’' effect, 133 
olasher, cylinder or drum, 634 
drying or hot-air. 634 
worsted, 633, 634 
S warp, 649 
Slipe wool, 373 
Sliver, drying, 528 
oiling, 528 
woolen card, 461 
worsted card, ncp content, 522 
Sliver apron, 523 
cans, 534 
delivery, S23 
removal, 545 
tester, 929 

transfer devices, 466 
tube, 523 
vs slubbing, 561 
weights, 535 

relation to doublings and drafts 
(table), 610 
^lub dyeing, 738 
printing, 798 

S ubbing, 10. 561. 563, 581, 798 
Slubbing calculations, 569 
condensation, 579 

"’o«tcd yarns. 626 

imash protector, 692 
^mjma rugs, 30 


Soaps, character, 409 
scouring, 409 
Sock shrinkage, 936 
Soda ash, effect, 196 
Soda in wool scourmg, 408 
piece scourmg, 815, 818 
Sodium sulfate, effect, 196 
Soft wastes, 270 
Softemng, water, 406 
Solubility, wool, 182 
Soluble dyes, dyeing with, 186 
Solubiliz^ vats, dyeing with, 775 
Solvent process in scouring, 401, 416 
Somali breed, 97 

Sorting, 112, 238, 247, 273, 304, 389 
Sorts, Amencan and Australian com- 
pared, 395 
Australian, 392 
diagrams, 391, 393 
grades, 375 

South Africa, classing wool in, 315 
South African menno, 338 
wools, 338 
marketing of, 363 
shrinkage, 339 
South American bales, 387 
wool, 330, 339 
classing, 315, 339 
export, 362 
marketing, 361, 363 
South Australia wools, 337 
Southdown breed, 85, 87 
Soybean fiber, 302 
Spanish merino, 64, 83 
Speaalty hair fibers, 212 
bleaching, 794 
fineness, 257 
fenth curves, 259 
pamphlets, 9^ 

properties, chemical and micro- 
scopic, 257 
physical, 255, 256 
uses, 257 

waste, consumption, 269 
Spccialfy hairs, ceiling prices, 259 
duty, 43 
imports, 259 
Specific gravity, 151 
Specifications, scoured wool, 41 1 
top, 142^ 

Speck dyeing, 767 
Specking, 8(^ 
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Spectrophotometer, 755, 756 
Split r^s, 636 
Spindle, finisher, 566 
Spindle cone, automatic, f»i4 
draft, 4K, 596 
drive, 595 
gilling, 561, 563 
lead, 587 

rover, dandy, 566, 568 
production, spinnmg frame, 496 
speeds, 35, 556, 568, 605, 612 
system of dyeing, 743 
twistmg, 4& 
weigh box, 564 

Spindles, census m U S , 481, 585 
construction, 564, 608 
high speed, 566 
Spinner, jack, 37 
Spinneret, 291 

Spinmng, American system, 612 
cap, 585, 588 

continuous frame method, 491 
early commission, 13 
flyer, 585, 587 
hand, 481 
history, 481 
humidity, 506 
long drafts, 588 
mule, 483, 585 
ring, 585, 597 
strength variations, 973 
variable speed, 604 
woolen, 481 
ivorsted ring, 602 
>am, 585 

Spinning drafts, 596 
frame, woolen, 494 
worsted yarn, 602, 615 
jenny, 10, 481 
lubricant, 433 
machinery, new, 614 
mule, 21, 915 

package, large woolen, 498 
speeds, 499 
systems, 35, 481, 491 
wheel, hand, 2 
Spiral burrs, 423, 518 
Split rods, 635 
Spirascalc, 961 
Sponging, final mill, 870, 871 
Sponging test, 935 
with steam, 935 


Spontaneous combustion, 433 
Spoolers, 628, 629 
Spring bath, 772 
Springiness, wool, 148 
Spun silk, grades, 286 
numbering system, 286 
Square duster, 398 
motion comb, 536, 537 
Squeezer, 845 

Stainless steel in dyeing, 730, 748, 824 
Stamping goods, 873 
Standard atmosphere, 510, 
hosiery shrinkage, 936 
methods, fineness of wool, 294 
moisture regain, 157 
Standards, fdt, official U S , 305 
top, 379 

Staple fiber, rayOn, 292 
length of wools, 339 
felt wools, 90S 
wool, fine, 308 
Staplmg apparatus, 922 
Starches, 638 

Static electriaty, 479, 505, 507 
eliminators, 507 
Statistical analysis, 971 
Steam, effect, 182, 199, 780 
Steam brushing, 859 
shrinkage, 877 
Steamer, vacuum, 860 
Steaming, cylinder, 877 
faulty, effect, 780 
open, 872 
shrinkage, 877 
yam, 618 

Steaming and sponging, final, 870 
Stearamide emulsions, 441 
Steep twills, 704 
Steeping in acid, 830 
Sterilization, 115, 206 
Sterols in wool, 170 
Stitching points, 714 
Stock dyeing, raw, 732, 734, 738, 
754, 771 
garaetting, 444 
lubrication, 433, 442 
mill, 820 

transfer devices, intermediate, 466 
vat, 773 

Stop motion, automatu., 665 
center-filling, 683 
intersecting gillbox, 533, 577 
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Stop motion, protection, 591 
spooler, 629 
wani, 688 

Storage, effect, 207, 620 
Stoving, 792 
Straight draw, 653 
Strmgth, dyeing, 754 
fiber, 142 
yam, 195, 923 

Stren^h variations, spinning, 973 
Mretching machines, 848 
Striated cells, 128 
Strictly combing wools, 308 
String washer, 815, 816 
Stripping, 451, 456, 779 
card, 475 
color, 766 

Structural formula, wool, 177 
structure, wool, microscopic, 116, 119, 
122, 123, 125 
Stuffer warp, 899 
bluffer yams, carpet, 889 
Stuffing pick, 716 
^ threads, 718 
S’ tudst, 595 
Suffolk breed, 87 
Suint, removal of, 410 
glands, 116, 169 
Sumt m wool. 173, 397 
bulfonation, 796 

Sulfur content, animal fibers, 179 
wool. 174, 178, 179, 180, 193, 197 
dioxide bleach. 792 
Sulfunc acid, effect of, 180, 190 
process m carbonizing, 276 
Suidight, effect of, 179, 777, 779 
Sun, 243, 244 
SweaUng process, 322 
Sweepings, 272 

Swelling of wool, 149, 182, 968 
Swifts, 520 

Synthetic wool, 297, 302, 303 
Szechuan wool, 884 


T 

Table sorting, comparison \utli trap, 
396 

Tacking, 826 
Tacna fleece, 247 


Tags, 312, 315 

Take-up, types of, 679, 681, 682 
Take-up motion, ^5, 679 
Tammies, 5 
Tanner’s wool, 882 
Tannic acid process, 795 
Tape condenser, 470, 471 
Tapestry rugs, 894 
Tar in wool, 112, 169, 397 
Tariff, protective, 14 
raw wool, 2, 26, 27 
Tariff Acts, 1922, 1930, 42 
Bill, Hawley Smoot, 42 
bibliography, 978 
schedules, 1001 
Tasmania wools, 337 
Teaseling, 838 
Teasels, 12 

Temperature, effect, 182, 195 
Temperature and humidity, mills 
(chart), 307 

Tensile streng^, loss of, 182 
of fibers, 142 
top, domestic, 144 
foreign, 143 

Tensile stren^h test, 926 
Tension control, 602 
Tentering, 185, 848 
Territory wools, 33, 340, 341 
Test specimens, preparation, 925 
Testing, bibliography, 989 
chemical, 918, 936 
fiber fineness, 921 
microscopic, 968 
moisture, 918 
optical, 953 
physic^, 918 
yam, 926 

Testing precision, 946 
procedure and manufacture, flow 
sheet, 972 

Tests, abrasion, 931 
add, 948 
alkali, 948 
cloth, 930 
fiber, 921, 959 
yam, 929 

Texas mohair, meduUated fibers m, 
225 

sheep indu5tr\, 105 
wools, 342 


chnnistry, b.b!i''{rr»i>K, 
Thcmul 15?, 1S9 

tnt ior, lS% 

TlJt'mo utter, dr> bulb SIO 
IViclcTir?*:, fabric, rditiw to v arriitb 
159. 932. 933 
1 irrtc-aRHtln W«>rt. 3 <? 

T|jr<vt!e framt'^, 5?7, 

'njrow^tcr < wa^ic, uU 2?9 
TjiJititK t\arp, 639 
'lippj dvcinp’, 777 
Tittr, J«tp, <09 
r»tral5on c«nc, 1R>> 

Top iwHcr, 547 
caiculatiOttf, 570 
chrome mctho*l, 762 


Trj{{c cl !h*, 72ii 
Tfti'- u *■»*, 121. 3,^1 
TrunU-w-! p’ 

I ul;** %v t i»''atit, ts.'t 

i'tjft met? Oi», lth:r 
l<re«^'{, 

rurkr.b •/'^V.jr, 213, i2'> 

I u'lt'tAii C3rt»*t, 31 
Tnrn^. j*-' «d>, <**6 
Tr.n'jih -s'i. 2S/ 

IxmJI *t? vxirt crown* 
rxxjjls 7f»>, 7tM 
cfTcv-t of >'-„rn o« 7«»t 
fancy. 707 
irrttsxTct. 703 


conditioning, 546 
d>cinfr. 738. 742 747. 76S 
fintshintr or gilhnfi' 5 15, *^47 
futures, 378 
Vnol, 392 

makin;;, flow 'hcct for, 525 
markets, wo’il, 54, 379 
roller, 822 

spcctricalions, 142 547 
standard, 379. 548 
weight, 547, 548 
Tops, dr>-conxbed, S63 
Exchange Standard, 379 
length air\cs, 2SS, 923 
oil-combcd, 563 
oiled, 528 
storage of, 548 
Torrance balling h«id, 467 
Total drafts, 531, 612 
Trade, international, 348 
Trade agreements, reciprocal. 43. >' 
assoaatlons, 998 
Trading in tops, 379 
futures, 80 
Tramper, wool, 110 


Transfer marking, 874, 875 
Transparizer, 942 
Iransvaal wool, shrinkage, 339 
Trap sorting, 389, 395, 396 
Traveler and nng, pnnciple of, 598 
Travelers, 496, 599 
Traverse, horizontal, 563, 595 
Traverse grinder, 478 
Treaty, Reciproaty, 28, 31 
Trefoil bur, 423, 945 


in»crltvcknp 7n7 
{><>in*c*l, 70S 
rccbnfng, 704 

Twnt anvn**i{ ii 444, 4<>{ 

crcj’c, 592, 593 
dcfmitun . 483. 592 
tkgreex, worsted yar.is, 591 
dirtciK*,!. 594 
effect on twilk, 701 
fake 20, 561 
boles of, t.nblc, 186 
\anati''n, 56S 
woolen >am, 485 
worsted jam. 561, 591, 592. 591 
>am, determination, 927 
I wist calculations, 485 
const,inl. 591 
Twist counter, 927 
factors. 486, 487, 593. 594 
gauge point, calculations for, 591 
motion, 485 
setting, 618 
Twister head, 496 
Twisting, cap, 590 
mule, 485, ^ 
woolen, 4^ 
yam, 615, 616 

Tw*isting*in, mechanical, 485, 659 
Twisting-in warps, 659 
Twntty jams, 424, 494, 561, 588 
Tj-ing fleeces, 108, 110 
Tying-in reed, 644 
Types of sheep, 80 
classification by breeds, 81 
Tyrosine, 174 
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Undulating: twill, 707 
Uniform fabrics, testing, 973 
Union dyeing, 783, 784, 786, 789, 790 
U S breeds, development, 74 
comparison of wool grades, 394 
consumption, wool, 350 
crossbreeds, 93 
flMce weights, 319 

Gov’t controls. World War II, 364 
publications, 995 
grading, 305, 308 
imports, 350 
markets. 351, 352 
mohair production, 213 
moisture regains, 157 
sheep raising, 100 
Shearing, lOd 
Slates, 106 
.standards, 142. 379 
" 001 , shrinkage, 319 
sources, 340 
"ool production. 340 
and pulled, 342 
standards, 305 
^npulled fur, 266 

and down gig, 840 

Uial sheep, 96 
f'fUKuay merino, 340 
ireuajan wools, export, 362 


V 


Velvet mgs, 25, 894 
Velvets, 721 
Venetian carpets, 31 
Vertical presses, 865 
rings, auto-lubricated, 495 
V H fiber apparatus, 964 
Vicanere wool, 885 
Vicuna, 241, 248 
color, 250 
exports, 250 
prices, 250 
properties, 257 
uses, 257 

Vigoureux printing, 574, 798 
Vinyl resin fibers, 302 
Virgin wool, amount in fabrics, 282 
compared with reclaimed, 279 
labeling, 58 
Viscose rayon, 290 
dyeing, 786 
Visible defects, 876 


w 


W-piIe, 722 
Wages, 49 

War Labor Board, 56 
Production Board controls, 55 
Warehouse, bonded, 309, 349 
Warehouse consignments, 309, 354, 369 
procedure, 310, 380 
Warmth of fabnes, 159 
wool, 158 

Warp, drawnng-in, 649 
dressuig of woolen, 633 
tinting of, 639 
Warp-backed cloth, 715 
beaming, 630, 676 
creel, large package, 630, 647 
ends, 696 
let-off motion, 676 
making, 644 
patterns, fanc}, 646 
pile fabnes, 722 
reeding, 657 
reel, 642 
rib w^\e, 699 
slashing, w ors^cd 633 
stop motion, electrical. 6S8, 6‘>y 
Warp j-ams in carpets and n'gs, 
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Wari>cT, bifH sivff*!, W 1 
Wam'nfr, chain. 
hwmjchly in, 
wwtcn, 620 
woriftctl b?iin. 620 
Wiirplnp ca’cnlUionT, *4J 
fancy p^Utms, 6'*6 
jpwl<. 633 
Washers bad., S 2 o 
piece, 817 

\\<a$lilnr, shrinUnir S»^5 
WashinjT Ja5lnt5n, osj 
Wastes, conswmp'imi, 2i/> 
manufaciunnir, 370 
pnccs, 277 
use, 272 

Water, effect on 1H3 
hardness, 4<V5 72^ 

Water absorption, ISl 
jn scounnp, 406 
softeners, 405, 407 
Wa\cs jn fiber, 139 
Wax V.00I (sfe wool ntox) 

Wear tests, 931 
Wcathcrinp, 179, 779 
Wcasc, draft me a, 6S6 
Wlton, 889 

Wtascr, looms iwr, 693 
Waives, Axminstcr, 898 
bjb1iogr.ii)liy, 983 
Bedford, 712 
corded, 712 
crcpcj 711 

description and designation, 69'*, 697 
plain, 698 
satin, 70S 
twill, 700 
Wilton. 891, 893 
woolen and worsted, 695 
Weaving, carpet. 2, 25, 37, 891 
definition, 664 
history, 2, 11, 22, 37 
processes preparatory to, 6'’! 
principle, 663, 66S 
Weaving defects, 876 
velvets and plushes, 721 
woolens and worsteds. 663 
Wedge ruler tests, 960 
Weigh box, spindle, 564 
Weighing goods, 873 
Weight, grease, 40 
testing for, 930 


Weight o* 7^4 

V/ciih t'liJ'.t'Ato tbrep. 

Wtt*ci« ■•stxil. ’‘tUirtr. .*5^ 

Wet Jfn 

St"*? 

d^arlnr. RV,, 837 
f idi?. ci;< &>1 
; ifrin f«9 
stixv-if, nrb'’ity, 14 ^ 

Wether lanbr. 112 
Wet} -‘fs, wde* *► 

WctlHg-f>'*h 778 

Witip nMI, oicillatig#:, 

VWte 150 
WuUh fi.r,e«rn 

Wilidnscsti tuft n-*}!***!, 9*3 
Wl!tf>r» carpet. coRstrurtir.. ^9 
weave, S*>1, 893 
Wiflsr, ban, 5.35 
cone, 616^ 
pun,.h, 5?S 

Wi'i fmr-on rnfttie««, 4'^3, 484, 4F4 Shi, 

609 

Wire, card, 46j 
drop, 689 

Wire clothi'ir, 445. 456, 476 
crowns, 464 
he^ldlcs, 650 
mpper, 841 
numbers, cinl, 463 
Wool, action of cold. 183 
action of d> cs, 723 
ahplntic alcohols in, 170^^ 
ammo acids m (table), 175 
.immonia in, 178, 180, I 8 I. 161 
amphotenc nature, 174. 186 
bleaching, 791 

chemical composition, 169, 173 
chlorinated, 200, 202 
dean v.'ilue. 317, 319 
definition, 58 

domestic dip, jrcr domestic w<wl, 
foreign, duty on, 370 
elasticity, 134, 195 
elongation, 185 
extensibility, 924 
extract, 276 
history, 1 

hygroscopic (iualit>, 156 
isionic range, 186 
histcnng, 863 
marketing, 33, 348 
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Wool, mildew in, 206 
modified, 199 
molecular flcxibiltt>, 176 
structure, 175 
nature, 135 
non-felting, 201 
pulled, 40, 347, 374, 779 
raw, U S. production (table), 343 
reclaimed, 269, 279, 281 
reprocessed, definition, 58 
reused, definition, 58 
reworked, 269, 281 
shorn, 40, 342 
sterilization, 115 
struetural formula, 177 
thermal properties, 158, 168 
true, 121 

yellowing, 181, 196 
Wool and cotton mixtures, 432 
silk mixtures, 432 
wool top contracts, futures trading, 
378 

auctions, 353, 357, 358, 360 
bibliography, 978 
breeds, 63 
carpet or mixed, 79 
crossbred, 93 
fine, 83, 105 
long, 90 
medium, 86 

carbonizing, see carbonizing 
centers, Boston, 16 
chemistry, 169, 173 
classing, 311, 315 
bibliography, 980 
Cod^ textile industry, 60 
color, 150 
consumption. 324 
at mills, 43 
World War II, 367 
content, effect on warmth, 166 
damage, chemical, 950 
heat, 181, 195 
processing, 9^0 
salts, 196 
steam, 182, 183 
sunlight, 180 
testing for,^ 950 
decomposition, 181 
defined, 58 
density, 151 
discoloration, 433, 435 


Wool drying, 420, 918, 920 
Exchange, London, 361 
fabric imports, 27 
fat, 170 
felt, see felt 

fiber, altering affinity for dyes, 195 
ammo content, 190 
composition, 173 
cystine in, 176 
effect of halogens, 200 
elasticity, 146, 202 
felting, 148 
fineness, 307, 959 
histology, 116, 123 
moisture content, 151, 154 
nitrogen m, 178 
physical properties, 116, 142 
resilience, 148, 168 
ngidity, 148 
specific gravity, 151 
structure, 117, 125, 177 
true, 121 
films, 1000 

grades, comparison with rayon, 293 
foreign, 394 
grading, 304, 305 
noils, 270 
pulled wool, 374 
shorn wool, 887 
grease, 170 

correlation wth quality (table), 

171 

variation in root and tips (table), 

172 

grease recovery, 413 
growing, 100 
hair, see hair 
imports, see imports 
industry, history, 4, 29, 34, 39 
Institute, 59 
labeling, 57, 58, 1007 
length, 307 

literature, American and English, 978 

lubrication, 433 

luster, 149‘ 

magazines, 999 

manufacture, flow sheet, 386 

manufactures, tariff schedules, 1001 

marketing, 348 

marketing centers, 33, 351 

microbiology, 207 

mixtures, dyeing of, 782 
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W<K»1 roohJure regain. JSX 
mo!cc«l«, 197 
Otis, efficiency, 
oxldaUcn, 178, 1%, 951, 'W 
pricc-i, 40 

priming, 798 - 

proccstts, advance* s^cr 1870, J4 
prodectlott, 5^*, 323, 333 
U. S,. 40 

'iwfid. 321, 32S. 32f> 

I*todttcls tjtWmg Act. 5E \0f}“ 


promotion, 59 
protein, 173 

raisinj.; lulitiorrapliy. 980 
fcale5. ^ticlecirtc <K>im, 


scouring. 18 
shcamg. 105 
shears, 107 
sorters* disease. 111 
sortios:, 389 

sorts, dcsipnation of. 395 
spinning, frame method, 491. 4% 
standards. U S , 142. 30S, 379 
states, 76, 80. 101 
supply, improtetneni in, 11 
supply and tarilT, 26 
tariff sclicdulcs, 1001 
tanffs, 26. 350 
top futures contracts, 379 
markets, 54 

tops, Exchange Standard 379 
length cur\cs, 255, 923 
requirements for (table), 967 
trade associations, 998 
trading centers, 33 
types, characteristics of fine 
(table). 85 
mam, 326 

medium (table), 90 
wax, 170 

analytical and physical data, 171 
yolk, percentage, 172 
Woolen (cut), 482 
(run), 4% 

Woolen blending, 430, 432 
card, 9, 36, 455, 469 
card set, 453 

carding, 19, 4S0, 451, 4SS, 463 
carpet yams, size, 8^ 
clothing yams, size, 888 
dcspccker, 809 
factory, first, 6 


V/ootj-a hduitry. grots'tK 15 
altff trjD. 3S 
ati’nls*.*', 47 

m»)U. U. S (J%37*79>. 15 
r*‘,tct. 481, 48) 

{He orT“i*t 
ring rpinnirg. 4'^? 

•pi'rftes 481 

4';). fCI7 

«♦)« 4JJI 

syfttp*. ma»er»aU Aoun o*!. 44, 54 
iwifting, am'run’, 4“^* 
ua’'pi')g, 629 
teasiM, 277 
wrts«, 695 
weaving, 663 
yarn ra’m’att'^ni 500 
nunberinr, 503 
yami. lv,'i^t f3«'’>r. 487 
\Ve»o!fns Act (KO*)). $ 

^yool5. Argentine, 26 
Australian. 332 
tmriy, 423 

carpet or mixed, 9ti 330 
aruix 331 
doncsllc, 430 
atvparel, 352. 368 
Boston recc.p*s, 351 
compared with foreign, 370 
East Indian, 331 
farm-shorn, prothictton, 343 
foreign, impuriiics (table), 170 
grwse, composition (table), 3^7 
Ke\v Zealand, 331 
Port Philhp. 336 
Queensland, 336 
fccoiercd, 273 
rc<l, 336 

South African, 338, 36) 

South American, 331 
Territory, 341 
Woosung, 884 
Work wc^, 49 

Workers. 444, 449, 453. 457, 459, 461 
World War II, consumption during, 
367 

controls, British Empire, 366 
United States, 364 
procurement, 53, 56 
Worm take-up, 679 
Worsted bc,am warping, 630 
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Worsted cap spinning, 511, 585, 588 
card, delivery section of, 523 
card clothing, 521 
carding, 450, 462, 513, 514 
cards and combs in U S (tabic), 
555 

carpet yams, size, 888 
combuig, 536 
French, 548 
combs, number, 555 
cone drawing, 560 
despecker, 809 
drawing, 556 
flyer spinning, 562 
mdustry, establishment, 16, 21 
industry m 1870, 29 
after 1870, 35 
looms, num^r, 47 
mule spinning, 608 ^ 

ring spinning, 602 
shuttle, automatic, 667 
spindles, number, 46, S8S 
spinnmg, 512, 610 
intermittent, 608 
new American system, 609 
spurning oils, 438 
principle, 513, 586 
system, 511, 512, 614 
materials spun on, 44 
use of rayon staple and waste in, 44 
warp slashing, 633 
waste, 277 
weaves, 695 
weaving, 663 
yam bobbms, 623 
calculations, 500 
diameters (table), SOI 
manufacturing, flow sheet, 512 
number conversion table, 504 
rewmding, 621 
spmmng, 585 

yams, roving weights for (table), 
584 

single, twist, 593 
Woven doth markets, 52 
felt, manufacture, 912 
Wringer, 845 
Wyzenbeck tester, 932 


X 

X-ray, wool, 134 

X-ray diffraction patterns, 176 


Y 

Yarn calculations, 500, 502 
conversion factors, 503 
table, 504 

counts, resultant, 502 
conditioning, 6l8 
diameters, worsted (table), 501 
dyeing, 742, 747 

manufacture, worsted, flow sheet, 
512 

bibliography, 981 
numbenng, silk, 287 
woolen, 503, 926 
packages, see packages 
printing, 894 

size, calculations, 501, 559 
spinning, worsted, 585 
spooling, 627 
steaming, 618 
tension, variable, 604 
tests, ^6 
twist, 615, 927 

type, influence on finishing, 805 
wmding, 616 

Yams, carpet, back structure, 889 
size, 888 

knitting, worsted spun, 54, 623 
special effect, 616 

woolen, carpets and rags (tabic), 
888 

woolen and worsted clothing, size, 
888 

Year books, 996 
Yellowing of wool, 181, 196 
Yield, wool, 342 
Yoke, percent of, 172 

z 

"Z" twist, 595, 703 
Zackel br^, 78 
ZcoIHc water softener, 407 
Zigzag comb, 631 



